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Food insecurity exists whenever there is limited or uncertain access to enough food. 
Within households, experiences of food insecurity are not evenly distributed. Food insecurity 
affects women more than men, because women are primarily responsible for caregiving and 
food. We completed a systematic literature review and identified 24 studies with young and 
middle-aged women in Canada and the US. Food-insecure women consumed fewer food groups 
and lower intakes of macronutrients (except carbohydrates) and micronutrients compared to 
food-secure women. Associations were most consistent for micronutrients, including folate and 
iron. Results can inform nutritional targets in programs and interventions for women. In addition, 
food insecurity is associated with diabetes, obesity, and more stress and depression especially in 
women. Research suggests the mechanism linking food insecurity to adverse health depends on 
food insecurity severity. Less severe experiences, such as reductions in dietary quality, might be 
especially important for cardio-metabolic health. But, the USDA’s tool for measuring food 
insecurity (the Food Security Survey Module, or FSSM) has limitations for determining severity 
that can underestimate the extent of food insecurity. This study developed and evaluated an 
alternative tool for determining food insecurity status – the Four Dimensional Food Insecurity 
Scale (4D-FIS). The 4D-FIS assesses less and more severe food insecurity experiences across 




quality), psychological (worry), and social (alienation). Data come from interviews, dietary 
recalls, and surveys completed with 109 women in North Carolina. Evaluation of a confirmatory 
factor analysis provides preliminary validity support for the 4D-FIS. A concordance analysis 
shows that agreement in categorization varies by severity. Associations of food insecurity with 
health correlates (perceived stress, depressive symptoms, body mass index (BMI), and overall 
dietary quality) are in the same and expected directions, but magnitudes vary for BMI and 
overall dietary quality. This study contributes a new, alternative measure that can be used to 
identify underserved populations and support programs and interventions aimed at mitigating 
food insecurity. Future research will be needed to evaluate the 4D-FIS in other contexts, such as 
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CHAPTER 1. INTRODUCTION 
Overview 
According to the United States Department of Agriculture (USDA), food insecurity 
means that not everyone in a household has consistent, dependable access to enough food for 
active, healthy lives. Food insecurity has been associated with adverse health outcomes including 
risk factors for cardiovascular disease such as diabetes, dyslipidemia, higher body weight (or 
obesity), and metabolic syndrome. Previous research suggests that the mechanism linking food 
insecurity to cardio-metabolic health depends on severity of food insecurity. However, the 
current food insecurity measure – the United States Department of Agriculture (USDA)’s Food 
Security Survey Module (FSSM) – has limitations. While the FSSM is a valuable tool for 
national surveillance and monitoring, the FSSM employs a methodologically conservative 
approach for determining severity that can underestimate the extent. Thus, an alternative tool 
may be valuable for identifying people experiencing less and more severe food insecurity. This 
scale development and evaluation project has public health significance, because identifying 
food-insecure individuals is necessary for providing food and nutrition assistance through state 
and federal programs, expanding and developing community-based programs and interventions, 
and continuing research relating food insecurity to cardio-metabolic health. 
Background 
Defining food insecurity  
Food insecurity means that individuals and families are not able to meet their needs for 
adequate food. The USDA defines food insecurity as lacking food security (1). According to the
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USDA, food security is defined as “consistent, dependable access to enough food for all 
household members to achieve an active, healthy life,” and food insecurity exists when there is 
limited or uncertain access to enough food (1). The USDA provides additional clarification on 
food insecurity’s meaning in the definitions of two, distinct food-insecure categories, technically 
labeled as: low food security and very low food security (2). Low food security is defined as: 
“multiple indications of food acquisition problems and reduced diet quality, but typically have 
reported few, if any, indications of reduced food intake;” very low food security is defined as: 
“multiple indications of reduced food intake and disrupted eating patterns due to inadequate 
resources for food (2).” Very low food security is more severe than low food security, and 
distinguished by reduced food intake. 
History of food insecurity measurement  
The National Research Council has produced comprehensive documentation on the 
history of the food insecurity measurement in the US and the USDA’s current measure, the 
FSSM (National Research Council 2005, 2006, 2011), which cannot be covered here. In 
addition, there are other research papers on the topic (3-5). This section provides some historical 
context around food insecurity measurement. 
Food insecurity has been an important nutritional topic since the 1980s, although we did 
not think of it as food insecurity at that time, but as hunger. Hunger emerged as an issue with the 
1980s recession, and increasing concern about hunger in the US motivated the formation of two 
task forces: the President’s Task Force on Food Assistance (6) and the Physician’s Task Force on 
Hunger (7). In 1983, an executive order launched the President’s Task Force on Food Assistance 
(6). Despite large federal food assistance programs, local programs and charity, there were 
“claims of widespread and growing hunger,” and the Task Force was charged to investigate 
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shortcomings in food assistance programs (including the Food Stamp Program) and recommend 
improvements (6). The Task Force reported that 60-65% of eligible people participated in the 
Food Stamp Program, and recommended improvements in targeting and administration to 
increase participation. While there was only one general recommendation related to federal food 
assistance programs, the Task Force made two important contributions relevant to research that 
included defining hunger conceptually, and identifying a need for research in hunger 
measurement. The President’s Task Force conceptualized hunger as both a physiological 
problem of undernutrition and as an inability to obtain enough food, which formed the 
conceptual foundation for food insecurity. In addition, the report concluded that indicators of 
hunger (e.g., to measure the extent of hunger) were lacking, and without appropriate indicators, 
they could not determine how many people were unable to obtain enough food (6). This finding 
would later motivate important research in hunger measurement by Kathy Radimer at Cornell 
University (8).  
Shortly after, the Physicians' Task Force on Hunger in America, consisting of 22 
prominent medical and public health experts, also investigated hunger in the US (7). Their focus 
differed from the President’s Task Force, because members focused on the “human face of 
hunger.” Their report described the extent of hunger, major shortcomings of the Food Stamp 
Program, and an unprecedented demand for private food assistance programs (e.g., food pantries 
and soup kitchen). Both Task Forces increased media coverage of hunger in the US, and 
accelerated the relevance of hunger as a public policy and research priority.  
In response to concern about hunger in the US, a nutrition graduate student Kathy 
Radimer at Cornell University began her dissertation focused on hunger (8). At that time (mid to 
late 1980s), there was no consensus on the definition for hunger. Radimer completed a rigorous 
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mixed methods project to understand hunger and develop indicators to assess hunger (9, 10). As 
part of the scale development project, Radimer interviewed 32 women (5 African American and 
27 Caucasian women) from upstate New York (19 rural and 13 urban residents); most women 
(n=24) had children. She completed a grounded theory analysis to understand and define hunger 
as a phenomenon. This qualitative analysis provided the foundation for food insecurity as a 
multi-dimensional phenomenon with the following aspects: quantitative (having enough or 
sufficient food, includes adequacy of energy intake and food supply), qualitative (types and 
diversity of food, includes nutrient adequacy and food quality and safety), normative or social 
(evaluation of food acquisition and eating in terms of social norms such as three meals per day) 
and psychological (feelings of deprivation and anxiety) (9, 10).  
Using insights from the qualitative analysis, Radimer defined hunger in both narrow and 
broad terms as: “the inability to acquire or consume an adequate quality or sufficient quantity of 
food in socially acceptable ways, or the uncertainty that one will be able to do so.” Radimer’s 
narrow definition of hunger “almost universally referred to insufficient food intake and going 
without food” and included “the physical sensation” (e.g., stomach hurts). More broadly, hunger 
meant “problems with the household food supply, poor quality of their diets, what they did to try 
and maintain a sufficient food supply, and feelings about their situation”. Her conceptualization 
of hunger both supported and extended the President’s Task Force’s concept of hunger (6).  
While her study was incredibly important, Radimer’s study had limitations (8-10). For 
instance, the quality of foods and diet (considered to be part of the qualitative dimension) was 
not addressed at the household level, and only indirectly assessed at the individual level, even 
though she identified the qualitative aspect of food insecurity as a distinguishing component in 
her qualitative analysis. There were no items for the psychological and social components at the 
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individual level. Radimer and colleagues addressed this limitation explicitly: they decided which 
concepts to focus on for which level (e.g., individual or household) based on the concepts 
supported by the interview data, and the concepts that were “generally accepted components of 
hunger.” Another limitation was basing the items on a fairly small and homogenous sample of 
participants (27 out of the 32 women were Caucasian). In her dissertation paper, Radimer 
outlined that additional research would be needed to more fully develop measurement items to 
assess hunger (8).  
Measurement items in the Radimer’s hunger scale covered different aspects of food 
insecurity and assessed hunger at two levels: household-level and individual-level (and within 
the individual level, woman and child). These items were later incorporated into the 
Radimer/Cornell hunger and food insecurity scale, which was validated as a food insecurity 
measure (11). The main difference between Radimer’s original measurement items and the 
revised Radimer/Cornell items was the format: questions were replaced with statements (e.g., 
“Can you afford to eat properly?” replaced with “I can’t afford to eat properly.”). In addition, a 
new question for the qualitative component (household level) was added: “We eat the same thing 
for several days in a row because we only have a few different kinds of food on hand and don’t 
have money to buy more.” Later, items from the Radimer/Cornell scale were used to create the 
FSSM. 
Simultaneously, FRAC (The Food and Research Action Center) initiated a project called 
The Community Childhood Hunger Identification Project (CCHIP): New Haven Risk Factor 
Study, with Cheryl Wehler as the project director (12). The CCHIP study also developed 
measurement items to assess hunger. However, unlike Radimer’s mixed methods approach, the 
project did not describe any formative work to develop the items. Rather, the study team created 
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a questionnaire. The questionnaire was submitted for review professionally, pre-tested by 
professional and community interviewers and revised numerous times prior to administration. 
After the newly created CCHIP questionnaire was piloted in Connecticut, the questionnaire was 
tested in a larger community sample across the country. Development of the CCHIP 
questionnaire is important because items were used to create the National Health and Nutrition 
Examination Survey (NHANES) III Food Sufficiency measure (13) and some items were later 
integrated into the FSSM.  
By the early 1990s, the discourse around hunger shifted to a broader concept of food 
insecurity (14), and the Radimer/Cornell and CCHIP hunger measures provided the foundation 
of a new national measure of food insecurity, the FSSM (3). In 1995, the FSSM was embedded 
in the Current Population Survey, and the USDA obtained the first data on national food 
insecurity prevalence. The FSSM has been validated for its purpose of national monitoring and 
surveillance (Frongillo 1999; National Research Council 2005, 2006, 2011). There are three 
surveys in the FSSM: 1) household food security scale with 18-items for households, adults, and 
children, 2) adult scale with 10 items for adults only, and 3) an abbreviated household food 
security scale with 6 items for households (15-17). Responses from each item are used to 
determine severity of food insecurity at either the household or individual level.  
Limitations of the FSSM  
The USDA has measured food insecurity annually with the FSSM for more than twenty 
years (18). While the FSSM is a valuable tool, there are important limitations. Technical reports 
by the USDA (19, 20), IOM (20), and Health Canada (21), and research papers (22-24) 
document some of the tool’s shortcomings. Given the FSSM’s purpose (of national monitoring 
and surveillance), the USDA takes a conservative approach to minimize the number of 
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households falsely categorized as food insecure. As a result, items in the FSSM focus on more 
severe experiences (e.g., related to cutting the size of meals, part of the quantitative aspect).  
But, from the beginning food insecurity was described as a multi-dimensional 
phenomenon with four, different components (quantitative, qualitative, psychological, and 
normative or social) (8-10, 14). Other researchers, especially qualitative researchers, have 
supported this conceptualization and extended the conceptualization for the social aspect (25-31). 
Considering original (e.g., Radimer/Cornell) and additional research, food insecurity can be 
conceptualized as having these four dimensions: quantitative (e.g., reductions in quantity of 
food), qualitative (e.g., reductions in quality of foods/diet), psychological (e.g., worry about 
food), and social aspects (e.g., alienation). But, items in the FSSM focus on more severe 
experiences related to the quantitative aspect, and under-emphasizes the less severe aspects of 
food insecurity (e.g., qualitative, psychological and social). For example, six of the 10 items (in 
the FSSM adult scale) cover the quantitative aspect; one item covers the qualitative aspect; and 
one item covers the psychological aspect; and there are two unique items for the social aspect 
(3). Technically, there are four items covering the social aspect in the FSSM adult scale, but two 
items are not unique, and also cover the quantitative aspect (3). The two unique items are related 
to cutting the size of meals or skipping meals, and while related to normative eating patters (e.g., 
eating three meals a day), these two items are not as relevant for reflecting the feelings of 
isolation and stigma related to food insecurity.  
In addition, the FSSM also uses a more conservative approach in threshold for what 
counts as food insecurity. This threshold is used to categorize food insecurity status based on 
responses to the FSSM items. With the full household (18-item version) or adult (10-item 
version), “food insecure” is defined by responding affirmatively to at least three items; 
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responding affirmatively to one or two items is insufficient to be categorized as food insecure 
(15, 17). Some researchers have argued that the USDA’s threshold is too high and misses people 
experiencing less severe food insecurity (22, 23). In addition, the USDA’s threshold is higher 
than Canada’s threshold (21), even though both countries use the same food insecurity measure 
(32). For example, Canada applies a lower threshold (e.g., > 2 affirmative responses) for what 
counts as food insecurity compared to the US (e.g., > 3 affirmative responses) (21).   
Food insecurity prevalence 
The USDA reports annual food insecurity prevalence for the US overall and by state 
using data from the household version of the FSSM (2). Nationally, food insecurity affected 
12.7% of US households in 2015 (2). Some households were more at risk of food insecurity, 
such as poor and low-income households, households with people of color (African American or 
Latino) or with children, and those located in nonmetropolitan (including rural) areas, and in the 
southern region of the US (2).  
Food insecurity in women 
The USDA’s definition of food security applies to all household members (2). But, 
within households, experiences of food insecurity are not distributed evenly, and women are 
more vulnerable to food insecurity than men (33-35). This is supported by extensive qualitative 
research in Canada and the US (9, 10, 26-29, 36). Women are primarily responsible for food and 
caregiving, and have reported allocating food to other household members before themselves 
(37, 38). Even in married and cohabitating households, women had a higher odds of being in a 
food insecure household compared to men, and differences in socioeconomic characteristics 
could not explain differences (39). Thus, women’s experiences of food insecurity should be 
considered on their own.     
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Food insecurity and health  
Food insecurity has important physical and mental health implications. Emerging 
research demonstrates that food insecurity had the strongest relationship with poor physical 
health and lower subjective well-being compared to other explanatory variables related to other 
living conditions (40). Being food insecure is linked to adverse cardio-metabolic health, 
including diabetes, dyslipidemia, obesity, and metabolic syndrome or a cluster of risk factors for 
cardiovascular disease and other chronic disease (41, 42). A review article concluded that there is 
more evidence for these associations in women compared to men (43). This is especially true for 
the association of food insecurity with weight or obesity measures (44-46). Some argue that it is 
women with children, compared to both men and women without children, who are the most 
vulnerable to food insecurity and its physical manifestations, such as weight gain and obesity 
(46, 47). Food insecurity also is associated with poor mental health, including depression, stress, 
and a lack of well-being (26, 40, 48). Especially among women, food insecurity is associated 
with lower self-rated health, anxiety, more depressive symptoms and increased stress (24, 49-
52).  
While the exact mechanism linking food insecurity to adverse health is unknown, 
research suggests that the mechanism depends on severity of food insecurity (42). Severity 
matters because when people experience less severe food insecurity, there may be reductions in 
the quality of foods and diet (42). Lower-quality foods (e.g., foods of lower nutritional value) are 
often substituted for higher-quality foods because lower-quality foods tend to cost less (53, 54). 
Dietary quality is considered an important factor in obesity-related health disparities (55-57). 
Lower dietary quality is associated with weight gain or obesity (58), and adverse cardio-
metabolic health (59, 60). But, as food insecurity worsens, there may be dramatic decreases in 
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the quantity of food (or total energy), which can mask the obesogenic affect of lower dietary 
quality (42). This underscores the importance of not only determining severity of food insecurity, 
but also of the role of dietary quality in relating food insecurity to health.  
Our understanding of the relationship between food insecurity and dietary quality comes 
from two main sources: key studies completed in the 1990s and early 2000s in Canada and the 
US, and a systematic literature review published in 2014. Both have limitations. First, the 
evidence base relating food insecurity to diet was from a few studies with women living in 
Canada (two studies done in Atlantic Canada and the Toronto-metro area (61-63)), and the US 
(three studies: 1) one validation study of the Radimer/Cornell food insecurity scale, and two 
secondary data analyses of national surveys (11, 45, 64, 65)). The study designs were all cross 
sectional (no prospective studies), and samples tended to be small and homogeneous, with 
mostly Caucasian women. Studies did not provide evidence for associations with a full range of 
dietary outcomes, but focused on select macronutrients, such as protein, or food groups, such as 
fruits and vegetables. Also, only one study reported on a measure of total diet (61), such as 
overall dietary quality measured by an index (e.g., Health Eating Index (HEI) (66)). It would be 
valuable to identify more recent, and higher-quality studies focused on food insecurity and 
dietary outcomes in women, and to evaluate the evidence across the studies.  
Second, Hanson and Connor published a systematic literature review in 2014 focused on 
food insecurity and dietary quality for US adults and children (67). While their review had 
strengths, such as comparing associations between adults and children, this review was limited 
by its search methodology and not completing a risk of bias assessment (to determine quality at 
the study or outcome level). Further, prior research establishes that women are particularly 
vulnerable to food insecurity, and their experiences should be considered separately (33-35). But, 
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in the 13 studies with adults, Hanson and Connor did not separate results for men and women 
(67). There is a need to identify and evaluate the available epidemiological evidence relating for 
food insecurity to a full range of dietary outcomes in women, who are more affected by food 
insecurity. 
Rationale and significance 
This dissertation was motivated by an interest in less severe experiences of food 
insecurity, especially reductions in the quality of foods and diet. There were two distinct research 
opportunities: 1) to address a gap in the literature relating food insecurity to a full range of 
dietary outcomes in women specifically, and 2) to advance food insecurity measurement by 
overcoming limitations of the FSSM. As such, this project includes a systematic literature review 
relating food insecurity to a full range of dietary outcomes (dietary intake and overall dietary 
quality) in women living in Canada and the US. The systematic literature review provides an 
anchor to the development and evaluation of a new food insecurity measure, which was designed 
to fully capture less and more severe experiences including reductions in dietary quality. The 
scale development and evaluation was completed with a sample of low-income female caregivers 
participating in a mixed methods research project in North Carolina.  
The contributions of this research are: 1) reinforcement of the evidence base relating food 
insecurity to dietary outcomes among women, 2) an alternative measure of food insecurity that 
fully captures the multi-dimensional experiences, and 3) exploratory work on the implications of 
food insecurity measurement on associations with health correlates of interest, such as those 
related to physical and mental health and dietary quality. A systematic literature review for 
women specifically is important for selecting nutritional targets in public health programs and 
interventions, and supporting programs such as SNAP and WIC that target improvements in food 
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insecurity and dietary quality in low-income women. Practitioners, researchers and policy 
makers can use insights from the review. Identifying people who are experiencing food 
insecurity to any extent is important, because food insecurity negatively affects well-being, 
mental and physical health (26). In addition, the consequences of food insecurity extend beyond 
health, and there are broader social implications of food insecurity, such as disrupted inter-
personal relationships and reduced productivity at school and work (26, 68). An alternative tool 
that assesses and categorizes severity of food insecurity can be used to expand and develop 
programs and interventions aimed at mitigating food insecurity, and in research projects to better 
understand the causes and consequences of food insecurity.  
Research aims 
The main goal of this research project was to explore how severity of food insecurity 
matters for dietary and health in women. Data are from one year of a prospective research and 
extension project completed in rural and urban areas of North Carolina. The sample included 
low-income African American, Latino, and Caucasian female caregivers of at least one young 
child (n=109). Participants completed interviews, anthropometrics, surveys, and 24-hour dietary 
recalls, and provided data on food insecurity using the FSSM 10-item adult scale and a new scale 
developed for this study. Specific aims for this study are as follows:  
Aim 1: Complete a systematic literature review relating food insecurity to dietary outcomes 
among women (18-60 years) living in Canada and the US. The review answers the question: 
Do food-insecure women fare worse in terms of dietary intake (of food groups, macronutrients, 
micronutrients, total energy) and overall dietary quality (as measured by an index, such as the 
HEI)? Information sources include peer-reviewed literature in medicine, health and social 
sciences, and the gray literature. We apply IOM recommendations for conducting systematic 
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literature reviews, and the PRISMA criteria (Preferred Reporting Items for Systematic reviews 
and Meta-Analyses) for reporting the systematic literature review. 
Aim 2: Develop, administer, and evaluate a new scale for measuring multi-dimensional 
food insecurity among low-income women. The new scale measures the four dimensions of 
food insecurity: quantitative, qualitative, psychological, and social. Data are from one round of 
data collection from a prospective research and outreach project in North Carolina. Low-income 
women completed surveys and in-depth interviews. The evaluation includes a confirmatory 
factor analysis to determine the new scale’s structure, and a concordance analysis to determine 
agreement and disagreement in food insecurity categorization between the new scale and the 
FSSM. 
Aim 3: Explore reasons for differences in categorization between the two scales, and 
understand implications of categorization differences when examining associations of food 
insecurity with perceived stress, depressive symptoms, BMI, and overall dietary quality. 
Food insecurity is measured using the new scale and the FSSM adult scale, and food insecurity 
status (severity of food insecurity) is determined using each scale’s protocol. Perceived stress is 
measured by Cohen’s perceived stress scale. Depressive symptoms are measured using the 
Center for Epidemiologic Studies – Depression (CESD) scale. Overall dietary quality is 
evaluated using the HEI-2010 total score that is calculated from 24-hour dietary recall data. 
Body mass index (BMI) is calculated using measured height and weight. Descriptive statistics 
and regression analyses are used. 
 
 14
CHAPTER 2. METHODS 
This chapter describes the methods for Aim 2 and Aim 3 related to the scale 
development, administration and evaluation. Aim 1 methods are contained within the Aim 1 
manuscript chapter (Chapter 3).  
Study design 
Cross-sectional data come from year 3 of a prospective project, Voices into Action: The 
Families, Food, and Health Project (USDA Grant No. 2011-68001-30103). The Voices into 
Action (VIA) project was a research and outreach project at North Carolina State University in 
Raleigh (2011-2016) that applied qualitative and quantitative methods to understand 
sociocultural, economic and environmental influences related to obesity among low-income 
families. Research activities included in-depth interviews, surveys, height and weight 
measurements, and 24-hour dietary recalls in year 1, 3 and 5, and ethnographic observations 
during year 2 and 4 of the project. Outreach activities included facilitating policy and 
environmental changes around access to healthy foods and safe places to be active for families in 
Harnett, Lee and Wake Counties of North Carolina. The Institutional Review Board at North 
Carolina State University approved the VIA project, and the IRB at the University of North 
Carolina-Chapel Hill approved the current analysis project. 
Recruitment and study sample 
Project staff developed a purposive sampling strategy intended to be locally 
representative of the low-income population in the study area. The sampling strategy varied in 
terms of social connections (and limited referrals from people who knew each other), income 
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levels, marital status and occupation, and the age and gender of children. Sampling was designed 
to represent the distribution of Black, White and Latino subgroups within the low-income 
population in two rural counties (Harnett and Lee counties) and one urban area (Southeast 
Raleigh of Wake county), and required a minimum of 10 per group. However, in the urban area 
(Southeast Raleigh), project staff members were unable to reach any White low-income 
participants, and all participants were Black and Latino. At recruitment, eligible participants 
were: primary female caretaker (mothers and grandmothers) of > 1 one child between ages 2 and 
8 with household incomes at or below 200% of the federal poverty line. All participants provided 
written informed consent at the beginning of the project and again for the year 3 data collection.  
Project team and training 
The project team consisted of faculty members, graduate research assistants, and research 
staff. The team was inter-disciplinary, with academic training in nutrition, psychology, public 
health and sociology. Three team members were bilingual (English/Spanish) and worked with 
the project previously. Most team members had worked with the project for at least one year 
before training for year 3 data collection.  
Project staff members trained in a series of weekly workshops for > eight weeks that 
covered substantive areas (e.g., parenting, making ends meet, food insecurity), qualitative 
interviewing, anthropometry, and survey techniques. Separate training workshops were held for 
the 24-hour, dietary recalls, and are described in the dietary assessment section. Each interviewer 
specialized in conducting one type of interview: sociological, nutrition or survey. Their training 
required completion of two practice interviews with volunteers. Project staff selected volunteers 
from the Expanded Food and Nutrition Education Program (EFNEP) participants who had 
previously expressed interest in participating in other activities. EFNEP is a USDA-funded 
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nutrition education program for low-income families. Volunteers received $50 as compensation. 
(Participation compensation is covered at the end of the next section). Research assistants audio-
recorded the practice interviews, and faculty members reviewed interviews and provided 
feedback. The practice interviews were discussed in workshop meetings, and project staff made 
modifications to logistic procedures, interview guides, and the survey. In addition, all project 
staff trained on obtaining anthropometric data for children and adults > 2 years. Training was 
completed using the equipment, the digital scales and stadiometers, and standard protocol for 
measuring weight and standing height using NHANES protocol. 
Data collection procedures 
Each participant completed three in-person interviews: a sociological interview 
(neighborhood, making ends meet, parenting, and health), a nutrition interview (food shopping, 
strategies, food assistance programs and food insecurity), and an interviewer-administered 
survey (USDA FSSM scale, income and benefits, food program participation, depressive 
symptoms, perceived stress, etc.). Interviews were completed in the participant’s home, or 
another place as requested by the participant. The sociology and nutrition interviews were in-
depth interviews (with interview guides) and audio-recorded. Interviews were completed in 
English or Spanish. More details on the transcription and translation process are presented in 
quality control procedures. 
This project analyzed data from the nutrition interview and the survey. The nutrition 
interview included the new food insecurity scale, and included height and weight measurements, 
and training participants for the dietary recalls. Interviewers used an interview guide that was 
developed iteratively as follows: 1) graduate research assistants (GRAs) completed literature 
reviews to identify gaps related to food insecurity, obesity and health among low-income 
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mothers, 2) GRAs drafted literature review summaries and proposals (containing potential 
questions, probes, and strategies for framing and wording of questions, and the literature review), 
3) proposals were discussed and refined in weekly project workshops with GRAs and project 
investigators. One section of the interview guide includes open-ended questions focused 
specifically on different components of food insecurity – shortage of food (changes in the 
amount of food), reduced nutritional quality (changes in the quality of food or meals). 
Following each interview (sociological, nutrition and survey), the interviewer created an 
interview summary in Microsoft Word ® to document ethnographic fieldnotes, emergent 
analytic themes, and reflections. Each interview summary also contained brief 
sociodemographics such as race/ethnicity, number of children, supplemental program 
participation (e.g., SNAP, Medicaid), and perceived food insecurity status. The interview 
summaries highlighted the most salient aspects of the interview and became a useful tool in 
analyses. The interviewer determined perceived food insecurity status using a protocol and data 
from the interview. The protocol’s instructions included a definition of food insecurity (69), and 
information on how to make the decision based on prior research and guidance (26, 70, 71). Prior 
food insecurity research has used a single-item criterion of: “Would a reasonable person 
conclude that the household was insecure, considering the generally accepted definition of food 
insecurity (certainty, acceptability, quality and quantity of food)? (70)” In addition, regarding 
food insecurity’s measurement and classification, Mark Nord offered the following guidance: 
“…You should really call it ‘experienced food inadequacy.’ That's really what we're measuring. 
Inadequate in quality - usually, rather than quantity - but realized food inadequacy. This is not 
just worry about food…” (71). Mark Nord retired from the USDA Economic Research Service in 
2013, as an expert on food insecurity measurement and monitoring.   
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Participants received the following compensation for their participation: $25 for the 
sociological interview, $25 for the nutrition interview, $50 for the three dietary recalls, and $25 
for the survey. Compensation was scaled to promote retention, with receipt for the recalls and 
survey ($75 total) at the final interview. As an additional incentive to promote retention, 
participants who completed all three interviews were entered into a drawing (with no more than 
four other participants) for a $25 Walmart or Food Lion gift card. 
Recruitment 
To recruit for year 3, project staff re-contacted participants who completed year 1 
activities (n=124). Recruitment required tremendous effort because participants frequently 
moved and experienced interruptions in phone service. Project staff members made phone calls 
and sent text messages to participants and their named contacts, mailed newsletters, pursued 
Facebook connections, and completed drop-in visits to re-establish contact with participants. 
When needed, a pair of project staff members visited the participant’s home and left a postcard. 
Established relationships between project team members and participants were essential to 
retention. While project staff members were unable to contact everyone (n=9), staff re-connected 
with the majority of year 1 participants (n=115). Three participants did not want to participate in 
year 3 and withdrew, leaving 112 participants for year 3. Retention from year 1 to year 3 was 
90% (112/124 = 0.90). 
Quality control procedures 
We used separate quality control procedures for the qualitative and quantitative data.  
For the qualitative data, a professional transcription company transcribed audio-files to create 
transcriptions. Project staff verified the transcription against the audio-files, modified the 
transcript for accuracy, and replaced personal identifiers with pseudonyms. For the Spanish-
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language interviews, bilingual/bicultural interviewers verified the Spanish-language transcripts 
against the audio-files, made modifications, and then a professional company translated them to 
create English-language transcripts. Project staff ensured the accuracy of the translated Spanish-
language interviews, before using the English-language transcripts in analysis. English-language 
interview transcripts were imported into NVivo qualitative data analysis Software (QSR 
International Pty Ltd. Version 10, 2012). Trained undergraduate and graduate students coded the 
interviews with a codebook. However, this project did not use the coded transcripts, only the 
nutrition interview summaries and full-length interview transcripts.  
For the quantitative data, project staff developed and implemented a quality control 
procedure to minimize errors during data entry. The quality control procedure was developed 
iteratively by reviewing a subset of completed surveys, and then applying procedures to one 
county’s surveys. The protocol document was revised as new issues developed. After all surveys 
were completed, staff completed a final round of quality control. Two staff members 
independently entered all quantitative data in Microsoft Access ® databases, and evaluated the 
double-data entry using Microsoft Excel. Staff identified discrepancies between the two datasets 
and corrected them using a protocol. A second evaluation was done to ensure data quality. 
Interview audio files were also quality controlled and transcribed, but interview data were not 
analyzed for this paper. 
Development of the new food insecurity scale 
The new food insecurity scale was developed using recommended scale development 
procedures (72), which included: determine what to measure, generate item pool, determine 
format for measurement, have initial item pool reviewed by experts, consider inclusion of 
validation items, administer to development sample, evaluate the items, and optimize scale 
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length (72). Prior research (8-10, 25, 26), guidance documents (73), and measures of food 
insecurity (US FSSM and Radimer/Cornell) (11, 15) provided a theoretical basis and 
measurement items. Figure 2.1 shows the theoretical framework for the new, multidimensional 
scale covering the four dimensions of food insecurity: quantitative, qualitative, psychological, 
and social. Using Hamelin and colleague’s operationalization, dimensions represented shortage 
of food, unsuitability of food and diet, preoccupation with having access to enough food, and 
alienation (25, 26). 
The scale focused on the four, major dimensions of food insecurity rather than other 
causal factors related to food insecurity and diet. Thus, the new scale did not include: risk factors 
for food insecurity, coping strategies, or consequences (9, 73). The new scale’s four dimensions 
match those in the US FSSM. The format of measurement of items was similar to the US FSSM 
in having a qualifying phrase, e.g., “not having enough food” at the end of each item. The 
interview guide included additional questions in the pilot scale: a general item (“How often did 
you not have enough food?”), a clarification item (“What does it mean to you to ‘run out of 
food’?”), and a comparative item (“How would you compare your food situation to those around 
you?”). These items were not intended to be part of the scale, but for explanatory purposes.  
The new scale measured food insecurity at the individual (adult) level and not at the 
household level. Prior research emphasizes that women with children sacrifice their own dietary 
intake for the sake of children or other household members (74). Radimer and colleagues stated, 
“combining the individual and household dimensions into one scale may appear to increase 
reliability, but if this is done, one cannot discern whether is it a household, woman or child who 
has experienced hunger. For policy-making and program reasons, it may be important to be able 
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to distinguish between the three (9).” In addition, the individual-level was chosen because other 
important covariates and outcome measures are measured individually, such as dietary intake.  
The reference period was the last 30 days because food insecurity experiences vary 
within a monthly pay period (75), and a short time frame was needed to capture recent, salient 
experiences of food insecurity. The scale was designed to be interviewer-administered to 
minimize the influence of literacy level on responses. Additionally, to overcome participants’ 
reluctance in verbally acknowledging food insecurity, the interviewers gave participants the 
option of physically pointing to the response option rather than verbally communicating a 
response. The pilot scale was designed to be fairly low participant burden and there were 18 
items originally included in the scale.  
Food insecurity experts reviewed the scale to assess the content validity, which has been 
done in the development of other scales (8, 10), and provided feedback on modifying items. 
After additional revisions, the new scale was embedded in the nutrition interview and pre-tested 
during practice interviews. During the practice interviews, participants were also asked to 
comment on the pilot scale in terms of relevance for understanding a family’s food situation, for 
clarity and acceptability (e.g., “Were these items okay? Were you able to understand them? Were 
you comfortable answering these questions?”).  
Project staff training for dietary recalls and NDSR 
The training sessions were 4-hour sessions over a two-day period and covered the 
multiple-pass approach for collecting 24-hour dietary recall data and data entry using NDSR 
software. During this time, modifications were made to procedures, the dietary recall script 
(protocol for completing the recall) and the entry forms (used to collect dietary recall data). The 
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dietary recall workshops also covered how to train participants to use Food Amounts Booklet 
and three-dimensional household objects (e.g., measuring cups and spoons).  
Workshop participants practiced doing dietary recalls and entering recalls into NDSR.  
Prior to beginning dietary recalls, they had to complete at least five dietary recalls with friends 
and family. Practice recalls and all materials (audio files, entry forms and NDSR) were reviewed 
by the nutritionist and discussed with project staff. Once dietary recalls started, the interviewers 
met on a weekly basis to discuss questions regarding the interviews and NDSR data entry. 
Participant training for dietary recalls 
Prior to the first dietary recall, interviewers trained participants on reporting food and 
beverage amounts using the NDSR reference document, the Food Amount Booklet (76), and 
commonly used household objects. Participants identified their favorite cups or mugs, bowls, and 
serving spoons. Interviewers recorded description of household objects, the maximum capacity, 
and the amount normally consumed on the participant recall information sheet. Interviewers 
measured the capacity using tap water and dry beans, dry and liquid measuring cups, and 
measuring spoons. Interviewers left an 8-oz paper cup to use as reference, and gifted a duplicate 
set of new measuring cups and measuring spoons to the participants. Interviewers asked 
participants to keep the Food Amount Booklet for reference during the dietary recalls.  
Dietary recall forms 
Two forms were created for dietary recalls: 1) participant information form, and 2) recall 
entry form. The participant recall information form was completed during the participants’ recall 
training, and included a description of household objects, the maximum capacity, and typical 
amount (serving size). Interviewers created an electronic version after the interview. The recall 
entry form was an electronic document (.pdf) with fillable fields and designed to collect the 
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information needed for data entry into NDSR. There was no hard copy of the dietary recall data. 
The header included basic data for the participant, and space to collect the “quick list” of food 
and beverage items eaten during the recall period. Subsequent pages had one page for each meal, 
with fields for the meal name, location and time, and columns for detailed descriptions and 
amount eaten. The last page had the trailer questions from NDSR regarding whether the intake 
was typical, a reliability question, and a place to document comments.  
Dietary recall procedures 
Dietary assessment included three, 24-hour dietary recalls on non-consecutive days with 
the multiple pass technique and Nutrition Data System for Research (NDSR) (version 2014, 
Nutrition Coordinating Center (NCC) University of Minnesota, Minneapolis, MN) (77). The 
recall period was for the previous day - from midnight the night before to 11:59PM the day 
before the recall. The first pass was a “quick list” where the participant reported everything she 
had to eat or drink without interruption. Then, the interviewer reviewed the quick list and asked 
for the time, meal name, and location and prompted for forgotten foods or drinks. The 
interviewer probed for gaps and asked the participant if there was anything else in between 
meals, or before going to bed up until 11:59PM. Next, the interviewer asked for more details for 
the food and drink items and amounts for each meal or eating occasion. The interviewer 
prompted for forgotten items and accompaniments, and made use of visual references (e.g., Food 
Amounts Booklet (FAB), “What Counts as 1 Cup?” handout, participant recall information 
sheet) to assist the participant in reporting amounts. The interviewer referred the participant to 
portion aids (e.g., the FAB, the measuring cups and spoons, 8-oz paper cup, and household 
objects (e.g., commonly used cups/mugs and bowls measured during the recall training). The 
interviewers cross-referenced amounts to verify small or large amounts, e.g., “You said 3 
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tablespoons, and that is less than ¼ of a cup. How does that sound?” Finally, the interviewer 
reviewed the dietary recall, briefly describing each meal and asking contextual questions before 
moving on to the next meal. These open-ended questions gathered contextual information 
regarding each meal or eating occasion (e.g., “Who were you eating with?”, “Where were you?”, 
“What were you doing?”) (78). After reviewing all meals, the interviewer asked the participant 
whether the amount of food was typical. Lastly, the interviewer documented whether the recall 
was reliable and any comments.  
Dietary data entry in NDSR 
Interviewers recorded dietary intake data on a dietary recall entry form (electronic 
document in Microsoft ® Word) and then entered the data into NDSR (version 2014, Nutrition 
Coordinating Center, University of Minnesota, Minneapolis, MN). Specialty food items or dishes 
that are not available in NDSR (e.g., “missing foods”) were discussed and resolved by 
consensus. When needed, project staff contacted the NCC with requested food items and 
Nutrition Coordinating Center (NCC) provided nutritional information for those items. In some 
cases, participants shared additional information during the dietary recalls, and the interviewer 
documented observations and reflections in a Microsoft ® Word document. NDSR generated 
complete dietary data by linking semi-quantitative recall data (e.g., 1 slice of whole wheat bread) 
with its food and nutrient database. NDSR automatically created variables for total energy 
intake, macronutrients and micronutrients in output file 04 (daily dietary intakes), and food 
groups in output file 09 (food group serving count per day) (79) which were used to calculate 





The Healthy Eating Index 2010 (HEI-2010) 
The HEI-2010 is a valid and reliable measures dietary quality for the US population aged 
2 years and older, including pregnant and breastfeeding women, and people from racial/ethnic 
subgroups (66). The HEI-2010 quantifies the 2010 Dietary Guidelines for Americans (80). The 
HEI-2010 consists of 12 components and a total score based on the components: total fruit (all 
forms of fruit including juice), whole fruit (all forms except fruit juice), total vegetables, greens 
and beans (dark green vegetables and any beans and peas not already counted as protein foods), 
whole grains, dairy (fat-free portion of all milk products, including fluid milk, yogurt, cheese and 
fortified soy beverage), total protein foods (lean portion of meat and poultry, eggs, beans and 
peas), seafood and plant proteins (fish, shellfish, nuts, seeds, soy foods other than soy beverages, 
and beans and peas included in total protein foods), fatty acids (ratio of polyunsaturated and 
monounsaturated fatty acids to saturated fatty acids), refined grains, sodium, and empty calories 
(calories from solid fats, including fat from animal foods in dairy and total protein food 
components, added sugars, alcohol consumed beyond moderate amounts) (80). Each component 
has a maximum score, and the maximum score ranges from 5 to 20 depending on the component 
(80). The HEI-2010 total score is based on the sum of the twelve components and ranges from 0 
to 100. The HEI-2010 uses an algorithm that counts legumes (e.g., any beans and peas) towards 
meeting an individual’s protein requirement first, and then the remainder towards greens and 
beans (80).  
Quality control for dietary data 
Project staff developed procedures to ensure the quality of the dietary recall data. Dietary 
recalls were completed using procedures and forms. Before and after each dietary recall, 
interviews had a quality control checklist. Following the self-check, interviewers made 
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modifications to the recall entry form. In addition, data were checked on a monthly and quarterly 
basis by quality control staff. On a monthly basis, NDSR entries (1 entry = 1 dietary recall) were 
checked against the recall entry form (REF). The quality control staff resolved discrepancies 
between the audio-file, the REF, and NDSR; and made modifications to the REF and NDSR 
entry. Quality control staff also used the audio-files to resolve discrepancies. Additionally, 
NDSR output files (file 01, 02 and file 04) in Microsoft Excel ® were examined to identify 
outliers and possible errors. NDSR output files were verified against the recall entry form. 
Findings from the quality control review were discussed in meetings, and dietary recall 
interviewers were re-trained as needed.  
Measures 
Food insecurity was measured retrospectively over the last 30 days using two different 
measures: 1) new scale for food insecurity (Figure 2.1) and 2) the FSSM 10-item adult scale 
(15). The 10-item adult scale is appropriate for assessing food insecurity at the individual level, 
and for assessing food insecurity over a 30-day period.(15) Food insecurity status, as a 
categorical variable, was determined using the FSSM and the new scale. For the FSSM, scale a 
raw scale score was calculated as the sum of affirmative responses and categorized based on 
protocol: 0 = High food security, 1-2 = Marginal food security, 3-5 = Low food security, and 6-
10 = Very low food security. High and marginal food security were combined to form a food 
secure category; low and very low food security were combined to form a food insecure category 
(15). For the new scale, a scoring protocol was developed for this purpose. 
Individual and household characteristics were measured in the survey: age, race/ethnicity, 
employment (number of hours worked per month, and monthly income from wages), SNAP 
participation (individual and household amount of benefit), and household composition (number 
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of adults and children under 18 years in the household). Additional covariates related to health 
included the following: Depressive symptoms were measured using the Center for 
Epidemiological Studies (CES-D) scale, a valid, reliable measure for US adults (81). Perceived 
stress was measured using Cohen’s Perceived Stress Scale (PSS), a valid, reliable measure for 
US adults (82). Overall dietary quality was operationalized as the HEI-2010 total score. The 
HEI-2010 validly, and reliably evaluates dietary quality for US adults, including pregnant and 
breastfeeding women, and people from racial/ethnic subgroups (66). The HEI-2010 component 
and total scores were calculated according to NCC guidance for NDSR-generated dietary 
variables (83). Body mass index (BMI) was calculated for each person using measured standing 
height and weight, and used to classify participants’ weight status as: normal, overweight, or 
obese (84). Measured standing height and weight were done using NHANES protocol for 
anthropometry and using stadiometers and digital scales (85).  
Missing data 
Overall, there was very little missing data. Of the 112 participants, three women did not 
complete the 24-hour dietary recalls or survey (they only completed the nutrition interview with 
food insecurity pilot scale), and were excluded from this analysis. This analysis included 109 
participants with nutrition interview (including the food insecurity pilot scale), 24-hour dietary 
recalls and survey (including the USDA food insecurity scale). Unfortunately, due to 
administrator error, 24 participants (22% of the 109) were missing responses for one of the 
USDA food insecurity items: “In the last 12 months, did you ever eat less than you felt you 
should because there wasn't enough money for food?” (15).  
This was an arbitrary missing pattern (compared to a monotone pattern). A monotone 
missing pattern means that the variables to the right of the missing variable (EATLESS) were 
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also missing. But that was not the case. In addition, the missing mechanism appeared to be 
missing at random (MAR), because missingness was related to an observed variable in the 
dataset (but not the missing variable itself). In this case, the missingness of EATLESS was 
related to the response of another item in the FSSM about cutting the size or skipping meals.    
To address the missingness, we imputed their responses using single imputation using 
logistic regression with covariates, which is suitable for imputing a binary variable. Others have 
stated that a single imputation done with multivariate regression may address potential bias for 
MAR missing data when multivariate regression is used to impute (86). Multiple imputation 
offers advantages for regression modeling, such as providing less biased parameter estimates and 
accounting for uncertainty in the estimates, but a disadvantage is analyzing the pooled datasets. 
The planned analysis could not use multiply imputed data, because we needed to know 
definitively how participants were categorized (a pooled dataset does not make sense in this 
application). We compared the results of single imputation to multiple imputation, which was 
done with the same logistic regression with covariates and 25 imputations. Recommendations 
indicate to use 5 imputations for a “modest” fraction of missingness (<20%), and 20-30 
imputations for a “high” fraction (>30%). The proportion of missingness was 22%, between 
“modest” and “high”, and 25 imputations seemed reasonable.  
Analyzing the singly and multiply imputed data, there were no differences in a binary 
categorization with the USDA food insecurity measure. For example, there were n=66 classified 
as food secure and n=43 classified as food insecure using single and multiple imputation. Using 
the three-level categorical categorization, there were n=4 participants who shifted between “low” 
and “very low” food security in the multiple imputation. This means that the frequency of 
participants classified as low food secure ranged from 24 to 27, and the frequency of participants 
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classified as very low food security ranged from 16 to 19. Based on the nature of this analysis 
and that single imputation with a multivariate regression technique may address bias, all analyses 
were completed with the singly-imputed data for the USDA food insecurity variable.  
Confirmatory factor analysis 
Prior to completing the confirmatory factor analysis, we examined the distribution and 
correlations for the scale items (72). All items had non-normal distributions. Two items 
(covering the qualitative aspect) had very small, negative correlations with other items (“How 
often did you eat plenty of healthy foods because there was enough food?” and “How often did 
you eat a wide variety of foods in the same meal because there was enough food?”). Items are 
not shown in Figure 1. These two items were the only positively worded items in the scale. Even 
after being reverse coded, so that affirmative responses were indicative of being food insecure, 
the items did not perform well. These two items were removed from the scale and subsequent 
analyses. Remaining analyses and results refer to the 16 items in the scale. 
To determine if the hypothesized four-factor scale fit the actual data, we completed a 
confirmatory factor analysis completed using Mplus® software, version 7.4 (Muthén and 
Muthén, Los Angeles, CA). Hypothesized relationships between the factors and items were 
modeled as shown in Figure 2.2. The specified model included correlated factors, where each 
factor was correlated with the others. No other theoretically plausible models tested. Each factor 
met the requirement of having at least two indicators per factor (required for model 
identification) (87). All items were measured categorically, and items were re-coded as binary 
variables to represent affirmative responses. All items were on the same scale. The factor 
estimation was a mean-and variance-adjusted weighted least squares factor which is appropriate 
for binary and non-normally distributed variables. The type of matrix analyzed was the 
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correlation matrix, and Mplus calculated tetrachoric correlations for binary variables. There was 
no post-hoc model modification or use of modification indices. 
To evaluate goodness of fit between the hypothesized model and observed data, we used 
the following three indicators: χ2 goodness of fit statistic, root mean square error of 
approximation (RMSEA), and comparative fit index. This combination indicates absolute fit (χ2 
goodness of fit statistic and RMSEA) and incremental (CFI) fit index, and is recommended as a 
minimal set (88). It is recommended to use multiple assessments of fit, because each indicator 
reflects a different aspect of model fit (88). Cutoffs for the χ2 statistic and fit indices were 
established as: p > 0.05 (or χ2:df of less than 3:1), root mean square error of approximation 
(RMSEA) < 0.06, and comparative fit index (CFI) > 0.95). Hu and Bentler suggested these 
cutoffs for reasonably acceptable fit: CFI > 0.95 and RMSEA < 0.06 (89). For the χ2 test, the null 
hypothesis is no difference between the actual covariance matrix and the hypothesized model, 
and goodness-of-fit is indicated by p > 0.05 (89). However, χ2 test is sensitive to sample size, and 
Kline recommended to evaluate the test statistic in relation to the degrees of freedom (χ2:df of 
less than 3:1 suggests goodness of fit) (87). The CFI is an incremental index, and indicates how 
much better the specified model fits the actual data, compared to a baseline model where all 
variables are uncorrelated (89). Values over 0.95 indicate goodness of fit (89). The RMSEA 
favors more parsimonious models; RMSEA values < 0.06 indicate good fit (89).  
In addition to the aforementioned indicators of model fit, we applied Kline’s 
recommendations for evaluating confirmatory factor analysis models (87). Better models explain 
a majority of variance (>0.5) for each indicator, have relatively large factor loadings (>0.7), and 
do not have excessively large factor-to-factor correlations (< 0.9) (87). Another way to evaluate 
the model is examining the correlation residual matrix for residuals with an absolute value 
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greater than 0.1 (87). Ideally, the discrepancy between the correlation predicted by the model and 
the correlation observed in the data is very small. A large number of relatively large correlation 
residuals can indicate that the model does not explain the data very well.   
There was no sample size calculation for the confirmatory factor analysis. Since the scale 
development was part of the larger VIA project, the maximum potential sample size was pre-
determined at n=124. Recommendations for sample size range from 5-10 observations per item 
(90) meaning that for a 20-item factor analysis, the required sample size should range from 100 
to 200. Kline described a “typical” sample size of n=200 (for structural equation modeling, 
including confirmatory factor analysis) (87). For a 16-item scale, a minimum sample size was 5 
x 16 = 80. This sample of n=109 satisfied a minimum requirement, but was not large enough to 






Figure 2.1. New food insecurity scale (original version) 
The next few questions cover different kinds of situations you might have experienced. 
These are situations that you might have experienced in the last 30 days because you 
didn’t have enough food. There may have been other times you experienced these 
situations for other reasons but we’re not focusing on those now. You can tell me your 
response out loud, or show me (point to) which response option best fits your experience. 
 
During the last 30 days,… 
How often did you not have enough food? a,b 
What does it mean to you to "run out of food”? a,c 
Quantitativea 
1. How often did you eat something small or a snack instead of eating a full meal 
because there was not enough food? 
2. How often did your stomach ache, cramp, or feel uneasy because you needed to eat 
but there was not enough food? 
3. How often did you go to bed feeling hungry because you needed to eat but there was 
not enough food? 
Qualitativea 
4. How often did you eat very little of the foods you thought were important, because 
there was not enough food? 
5. How often did you eat plenty of healthy foods because there was enough food? 
6. How often did you eat very little foods you preferred to eat because there was not 
enough food? 
7. How often did you eat a wide variety of foods in the same meal because there was 
enough food?  
8. How often did you eat only canned foods, boxed foods, or packaged foods for 
several days in a row because there was not enough food? 
9. How often did you eat the same foods or meals over and over again because there 
was not enough food? 
10. How often did you have a main meal without meat because there was not enough 
food? 
11. How often did you eat foods that were bruised, moldy, or looked unsafe to eat 
because there was not enough food? 
Psychologicala 
12. How often did you worry that you would not have enough food for that night or the 
next night? 
13. How often did you worry that you would not have enough food next week or the 
week after that? 
14. How often did you feel anxious or stressed because you did not know how you 
would get enough food? 
Sociald 
15. I felt that I had little control over my food situation 
16. It’s not fair that some people can have all the food they need and I cannot have the 
food I need. 





18. I felt different from other people because I could not get enough food. 
How would you describe your food situation compared to other people around you? 
Which response best describes how you feel?e 
 
 
This is the original scale used in data collection. This new scale was developed and evaluated for 
this dissertation project, and includes items to assess each of the four dimensions of food 
insecurity: quantitative, qualitative, psychological and social. The interviewer had response cards 
for each set of questions. For all items, there were two blinded responses: don’t know and 
refused. There were three items that were not part of the scale, but included for explanatory 
purposes; items are marked with footnotes. During analysis, two items (#5 and #7) were removed 
from the scale, and remaining analyses focused on the 16 items.  
 
aItem not part of the Four Dimensional Food Insecurity Scale (4D-FIS) 
bResponse options: often, sometimes, rarely, and never 
cResponse options: I had no food at home, I have no meat, I have no meat and no canned goods 
or other packaged foods, I have fruits or vegetables, I do not have what I need to make a simple 
dish, I do not have the food I need to eat healthy, Other (participant’s own words).  
dResponse options: agree a lot, agree a little, disagree a lot, and disagree a little. 
eResponse options: I usually had more food than they did, We had about the same amount of 






Figure 2.2. Confirmatory factor analysis model with factors and observed variables 
 
This diagram shows relationships between the factors shown (circles) and observed variables 
(rectangles). The model has four factors and 16 indicators, because two indicators were removed 
after initial analyses. Single-headed arrows represent the associations between latent variable and 
indicators. Double-headed arrows represent the covariance between two factors. This figure does 





CHAPTER 3. A SYSTEMATIC LITERATURE REVIEW RELATING FOOD 
INSECURITY TO WOMEN’S DIETARY OUTCOMES 
Overview 
Food insecurity has important nutritional implications for women. This systematic review 
evaluates evidence from US and Canadian studies to answer: do food-insecure women have 
lower dietary intake (of total energy, food groups, macronutrients and micronutrients) and 
overall dietary quality (measured by an index) than food-secure women? Sources of information 
include electronic databases - PubMed/MEDLINE, CINAHL, Scopus, and Web of Science - and 
gray literature. Extracted data on each study’s methods and results are used to create tables. The 
summary measure is a percent difference, which is calculated using means of the food-insecure 
and food-secure groups. Twenty-four observational studies are included in this review. Most 
studies have some or significant bias. Several studies show food-insecure women had lower food 
group and lower nutrient intakes relative to food-secure women. This review finds varying 
methodological quality across studies. Among high-quality studies, food insecurity is 
significantly associated with lower intakes of fruits and vegetables, dairy, grains, meats/meats 
alternatives, protein, fat, calcium, iron, magnesium, vitamins A and C, and folate. The quality of 
evidence is low across dietary outcomes. Results hold practical relevance for informing 
programs and interventions focused on food-insecure women 
Introduction 
Food insecurity exists whenever there is limited or uncertain access to enough food (2).  





consistent, dependable access to enough food for an active, healthy life (2). But, within 
households, experiences of food insecurity are not evenly distributed, and women are more 
affected by food insecurity than men (33-35, 47). Women are primarily responsible for 
caregiving and food provisioning in their households (37, 38). Qualitative studies have 
demonstrated that as household food managers, women often allocate food to others before 
themselves (27, 29, 30, 47). Even in married and cohabitating households (with and without 
children), researchers have shown that women reported higher food insecurity compared to men, 
and socioeconomic characteristics did not explain the higher odds of the household being 
classified as food insecure for female versus male respondents (39). Thus, women’s experiences 
of food insecurity should be considered on their own. 
Food insecurity has important implications for people’s nutritional intake and overall 
health. Several poor health outcomes are associated with food insecurity, including increased 
chronic disease, poor perceived health, more depressive symptoms, and lower subjective well-
being (40, 41, 49). There is more consistent evidence for the association of food insecurity with 
some health outcomes, including diabetes, dyslipidemia, and weight gain, in women than in 
men(43). In addition, a handful of key studies completed in Canada and the US show that food-
insecure women had lower intakes of some food groups (e.g., fruits and vegetables) and nutrients 
(e.g., protein) compared to food-secure women (11, 31, 62, 64, 74, 91). However, there is less 
evidence for how food insecurity relates to a wider range of dietary outcomes – intake of specific 
food groups, total energy, macronutrients, minerals, and vitamins, and overall dietary quality 
(based on total diet, rather than intake of selected food groups or nutrients) – in women.  
In 2014, Hanson and Connor completed a related systematic literature review focused on 





strengths, such as comparing associations between US adults and children, there were also 
limitations. The review was not comprehensive in terms of its search methodology, did not 
complete a risk of bias assessment (e.g., to assess quality), and among the 13 studies with US 
adults, results were not separated for men and women (67). Moreover, there is a precedent of 
compiling food insecurity research from Canada and the US together (92, 93), since both 
countries measure food insecurity with the Food Security Module (32). However, studies from 
Canada were not included in the Hanson and Connor review (67).  
Research has highlighted the importance of dietary quality in relating food insecurity to 
cardio-metabolic health (41, 42, 94). This is particularly important for women, who are at greater 
risk of food insecurity (33-35, 39). Yet there are a limited number of studies relating food 
insecurity to dietary outcomes in women (11, 31, 62, 64, 74, 91). This study’s objective is to 
systematically identify and comprehensively evaluate more of the available evidence relating 
food insecurity to dietary outcomes among women. We answer the following research question: 
do food-insecure women (18-60 years), living in Canada and the US, have lower dietary intakes 
of food groups, total energy, macronutrients, micronutrients, and overall dietary quality (measure 
of total diet, such as the Healthy Eating Index) compared to food-secure women?  
Methods 
The PRISMA guidelines (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) guide the manuscript preparation (95), and the Institute of Medicine’s standards for 
systematic literature reviews guide the process (96). Appendix 3.1 shows the completed 
PRISMA checklist. A team, including the lead author, a public health librarian and an expert on 
food insecurity, decided on the information sources, developed and pre-tested the search 





We intend this review to be generalizable to young and middle-aged women (18-60 years 
old) living in Canada and the US, who are primarily responsible for caregiving and foodwork in 
their households, and more likely to be food insecure. Table 3.1 presents summary of PICOS 
(Population, Intervention or exposure, Comparison, Outcomes, and Study design) parameters 
used to describe inclusion and exclusion criteria.  
Inclusion criteria 
We include studies completed in 1995 or after, with non-elderly women living in Canada 
and the US. Included studies were published beginning in 1995, because 1995 was when the US 
starting measuring food insecurity with the Food Security Survey Module (FSSM) (17). We 
include studies from both Canada and the US to present more of the available evidence (as 
described above). Canadian studies are included because Canada and the US have similar 
socioeconomic characteristics, and there is a precedent in compiling food insecurity research 
between Canada and the US (92, 93). Canada and the US use the same measure of food 
insecurity, the FSSM (32), which permits studies from both countries to be considered together. 
There are no inclusion criteria related to sampling strategy. Only observational studies are 
included because food insecurity cannot be studied in experimental study designs. 
Eligible studies use previously validated measures of food insufficiency or food 
insecurity (67). Research studies measuring food insufficiency are eligible because the 
measurement of food insecurity historically began with food insufficiency. According to the 
USDA, food insufficiency means there is not enough food to eat for the household (65), and food 
insecurity means not having consistent, dependable access at all times to enough food for an 
active, healthy life for all household members (2). This review includes an early and influential 





include the US FSSM (15-17), and the Radimer/Cornell questionnaire (11). In addition, we allow 
single-item assessments used in national surveys (97, 98), and brief assessments used in 
intervention studies (99). Eligible studies also use previously validated dietary assessments, such 
as food records, 24-hour dietary recalls, or food frequency questionnaires. Brief assessments, 
such as the National Cancer Institute’s 2-item fruit and vegetable screener (100), are included.  
Exclusion criteria 
We exclude studies focused on older and elderly adults (mean age over 60 years) (101). 
Older adults may have shifted caregiving responsibilities to others, or have different age-related 
circumstances affecting food insecurity and diet (101). Studies with refugees, drug users, and 
people with HIV/AIDS are excluded because these circumstances make them less generalizable. 
We exclude studies when it was not clear how they measured food insecurity or diet, or when 
diet was measured indirectly, such as perceived diet quality. 
Information sources 
The search covers from January 1995 (the US started measuring food insecurity with the 
FSSM in 1995) through October 2016. We search recommended databases (PubMed/MEDLINE, 
CINAHL, Scopus, and Web of Science) and sources of gray literature (96). These four databases 
capture peer-reviewed literature in health (including medicine, public health, nursing, and allied 
health) and social sciences. Search strategies for all databases include words and phrases related 
to the target population (women), exposure (food insecurity), and outcome (dietary intake and 
quality). The exact PubMed/MEDLINE search strategy is shown in Figure 3.1 (PRISMA 
flowchart). For the gray literature, we search gray literature databases, governmental and non-
governmental reports, dissertations, library catalogs, and conference proceedings, relevant 





Google Scholar (see Appendix 3.1 for more detail). The lead author initiated personal 
communication with researchers and experts to identify additional studies. Eligible studies 
provide all data needed for the review through a journal article, research report, or personal 
communication.  
Study identification, screening, and selection 
Figure 3.1 presents the PRISMA flowchart and shows the identification, screening and 
selection process. There were two phases to study selection. First, the lead author completed 
preliminary screening using the title and abstract to identify potentially relevant studies. We 
exclude studies that were unrelated to the topic (food insecurity/food insufficiency and diet), or 
population (non-elderly women living in the US and Canada), and not written in English. When 
there was any doubt, the study was retained for the next level of review. Second, we evaluated all 
potentially relevant studies to determine eligibility. Appendix 3.2 shows a complete list of 
references considered for inclusion in this review. During this full-text review, we used 
information from the entire paper or report. The lead author completed the full-text review, and a 
co-author reviewed decisions. When there was any doubt, a decision was made in consultation 
with a third co-author. Corresponding authors were contacted and asked to provide additional 
information needed to determine eligibility. 
Data collection process 
The lead author extracted the following data from the included studies: author(s), year, 
setting, data source, sampling strategy, and sample characteristics (racial/ethnic/cultural groups, 
age), food insecurity measure, dietary assessment, and dietary outcomes, which include: 





macronutrients (grams/day or percent of total energy), micronutrients (varied units); and overall 
dietary quality (e.g., Healthy Eating Index (HEI) total score). 
For each dietary outcome, the lead author extracted the mean and the standard deviation of 
the food-insecure and food-secure groups, and the unadjusted and adjusted p-value for the 
association. We use the percent difference as the summary measure, which is calculated with the 
means of the food-insecure group and food-secure group (referent). The measurement and 
categorization of food insecurity has changed over time (20). We operationalized food secure as 
food sufficient, no hunger, or high and marginal food security; and food insecure as food 
insufficient, hunger, or low food and very low food security, depending on the measure and the 
study (see Appendix 3.3 for more detail). 
Risk of bias assessment 
The IOM recommends evaluating the risk of bias at the study or outcome level (96). At 
the study level, risk of bias was evaluated for the following components: selection bias 
(recruitment criteria for participants), data collection method (food insecurity and dietary 
assessment, congruence in reference periods for food insecurity and dietary assessment), and 
analysis (control of confounding). Information from each study’s methods section was used to 
determine the risk of bias (no risk, low, moderate and high risk). When the risk was not clear, the 
level was uncertain. Components were based on the Effective Public Health Practice Project 
Quality Assessment Tool for Quantitative Studies (102). Each study was assigned an overall 
assessment of quality (based on methodological deficiencies) and applicability (to target 
population of women at risk for food insecurity) based on the Agency for Healthcare Research 
and Quality approach (103). Traditionally, quality assessments penalize observational studies for 





food insecurity, such as lower- and low-income households, households with children headed by 
single women, and Black and Hispanic-headed households (2). Thus, we rated studies 
prioritizing the target population as less biased compared to nationally representative samples. 
Given that food insecurity cannot be studied in experimental study designs, all studies were 
observational. Information on risk of bias was incorporated into the results tables. Table 3.2 
presents the evaluation of the risk of bias at the study level. In addition, we evaluated the risk of 
bias at the outcome level using the GRADE approach (The Grades of Recommendation, 
Assessment, Development and Evaluation) (104). Per GRADE, evidence from observational 
studies starts as low-quality evidence, and can be down-graded based on limitations, 
inconsistency, indirectness, imprecision and publication bias (104). Appendix 3.4 presents the 
risk of bias at the outcome level. 
Results 
This search generated 2471 references (Figure 3.1). After preliminary screening, there 
were 90 potentially relevant references. Of those 90 references, 25 references, representing 24 
unique research studies, were eligible for this review and included (31, 45, 61, 62, 64, 91, 101, 
105-122). One study reported dietary outcomes separately for women 19-30 years and 31-50 
years (113), and tables present associations separately for age groups. Sixteen studies had 
women-only samples, and eight studies had mixed samples (women and men) (101, 105, 113-
117, 119). Two reported results for women subgroups (101, 113). Six studies did not report for 
women-only, and corresponding authors provided analyses for women less than 60 years (105, 
114-117, 119). Three other studies provided sub-analyses (106, 112, 121). 
Thirteen studies had significant bias and considered low quality (Table 3.2). The lower 





assessment, or not controlling for confounding (45, 64, 106, 108, 112, 114, 116, 118-122). Some 
studies had bias attributed to the measures (45, 106, 108, 114, 116-119, 121, 122). Seven studies 
were rated as having some bias (101, 107, 109-111, 113, 115) and considered fair quality. Four 
studies had the least bias (31, 61, 62, 91, 105) and considered high quality. For many studies (20 
out of 24), results were applicable to women at risk of food insecurity (e.g., low-income women), 
or a relevant subgroup (e.g., lower-income women) (31, 45, 61, 62, 64, 91, 105-112, 114-117, 
119-122). All included studies were observational studies, because food insecurity cannot be 
studied in experimental studies, which meant that the quality of evidence was low for all dietary 
outcomes (see Appendix 3.4 for more detail on the quality of evidence for each dietary 
outcome).  
Studies varied according to purpose, setting, and participants (Table 3.3). Data came 
from a validation study (64), cohort study (105), intervention studies (106, 108, 110, 111, 115, 
117, 120), observational studies (31, 61, 62, 91, 107, 112, 114, 119, 122), and analyses of 
national health survey data (45, 101, 109, 113, 118). This review included 6 Canadian studies 
and 18 US studies. Most studies were completed in urban settings (only four studies focused on 
rural areas). Across the studies, women were from diverse racial, ethnic and cultural groups. Of 
studies reporting racial/ethnic/cultural groups, all, but one study (64), included women of 
African and Latin descent. Five studies focused exclusively on female caregivers (31, 61, 62, 64, 
91, 111) and four studies focused on pregnant women (108-110, 118). Average age ranged from 
23.9 to 52.5 years. The prevalence of food insecurity and sample sizes varied widely. 
Associations of food insecurity with dietary outcomes for women 
Each study reported associations for a different number of dietary outcomes. Figure 3.1 





outcomes. Of the 24 included studies, 11 studies reported on total fruits and vegetables. The next 
sections summarize associations of food insecurity with food groups, total energy, 
macronutrients, micronutrients, and overall dietary quality.  
Food groups - Five studies (of seven) reported that food-insecure women consumed 
fewer servings of dairy relative to food-secure women (range: -7% to -31%). Two of these 
studies reported significant differences (62, 113). Nine studies (of 11) indicated that food-
insecure women consumed fewer daily servings of combined fruits and vegetables compared to 
food-secure women (range: -6% to -32%) (Table 3.4). Five of these studies reported statistically 
significant differences; food-insecure women consumed significantly fewer servings of fruits and 
vegetables compared to food-secure women (31, 62, 113, 116, 117). For fruits only, five studies 
(of nine) showed food-insecure women consumed fewer servings of fruits compared to food-
secure women (range: -9% to -42%). Only one study found the difference in fruits to be 
statistically significant (64). Regarding vegetables only, seven studies (of nine) showed food-
insecure women consumed fewer servings of vegetables compared to food-secure women (range: 
-4% to -38%). Three reported statistically significant differences between food-insecure and 
food-secure women, but studies did not report associations in the same direction (106, 116, 121). 
Four studies (of seven) reported food-insecure women consumed fewer servings of total grains 
compared to food secure women (range: -6% to -22%). Two of these studies reported significant 
differences (62, 113). Five studies (of seven) reported food-insecure women consumed fewer 
servings of meats/meats alternatives relative to food-secure women (range: -3% to -36%). Two 





Total energy- Seven studies (of eleven) indicated that food-insecure women had lower 
total energy compared to food-secure women, with percent differences ranging from -2% to -
18% (Table 3.5). Two of these studies reported statistically significant differences (62, 91).  
Macronutrients - Four studies (of six) reported that food-insecure women had higher 
carbohydrates intake relative to food-secure women (range: +1% to +13%) (Table 3.6). Three of 
these studies reported significant differences (91, 113, 120), and another one of these reported 
borderline significance (112). Five studies (of seven) reported that food-insecure women had 
lower protein intake compared to food-secure women (range: -2% to -7%). Two of these 
reported significant differences (62, 91), and one (of seven) reported borderline significance 
(120). Five studies (of eight) reported that food-insecure women had lower total fat intake 
relative to food-secure women (range: -1% to -19%). Two of these reported statistically 
significant differences (91, 112). Three studies (of four) reported that food-insecure women 
consumed less fiber relative to food-secure women (range: -4% to -19%). Two of these studies 
reported significant differences (64, 113).  
Micronutrients - All five studies reported that food-insecure women consumed less 
calcium relative to food-secure women (range: -2% to -21%) (Table 3.7). Two of these studies 
reported statistically significant differences (62, 113), and another one of these reported 
borderline significance (91). All six studies reported that food-insecure women had lower iron 
intake compared to food-secure women (range: -2% to -23%). Three of these studies reported 
significant differences (62, 91, 113). All three studies reported that food-insecure women 
consumed lower intakes of magnesium relative to food-secure women (range: -13% to -19%), 
and all were significant differences (62, 91, 113). Four studies (of five) indicated that food-





Three of these studies reported significant differences (62, 91, 113). All five studies reported 
food-insecure women had lower vitamin C intakes relative to food-secure women (range: -1% to 
-25%). Three of these studies reported significant differences (62, 91, 113). All three reported 
that food-insecure women consumed less folate relative to food-secure women (range: -8% to -
22%), and found statistically significant differences (91, 111, 113). Results for potassium and 
vitamin D were omitted from Table 7, because there were only two studies reporting for those 
dietary outcomes.  
Overall dietary quality - Studies used the following indices for overall dietary quality: 
HEI (versions 1999/2000, 2005, 2010) (80, 123, 124), the Alternative Healthy Eating Index 
(AHEI) (125) and AHEI for Pregnancy (126), and the Diet Quality Index for Pregnancy (127) 
(Table 3.8). Nine studies examined the association between food insecurity and overall dietary 
quality. Three studies (of nine) used adjusted models to determine the association of food 
insecurity with overall dietary quality, controlling for sociodemographic factors (105, 109, 122). 
Six studies used the HEI total score to evaluate overall dietary quality. Two (of six) reported 
food-insecure women had lower overall dietary quality compared to food-secure women; both 
reported significant differences for the HEI total score (range: -3% to -6%) (45, 105). Three 
studies also reported significant differences for HEI component scores (Appendix 3.5) (45, 105, 
110). 
In summary, fifteen studies reported significant associations of food insecurity with at 
least one dietary outcome (31, 45, 62, 64, 91, 101, 105, 106, 110-113, 116, 117, 120, 121). 
However, most evidence came from studies of fair to low quality (Table 1). Given that all studies 
were observational, and had methodological limitations, the quality of evidence was low for all 





studies (those that are considered to have the least bias). For dairy, total grains, and meats/meat 
alternatives, there were two quality studies; both reported a negative association with at least one 
outcome, and significance varied by study (31, 62). For total fruits and vegetables, there were 
two high quality studies; both reported a negative, significant association (31, 62). There were no 
high quality studies for fruits only or vegetables only. For total energy, among the three, high 
quality studies (62, 91, 105), the association was inconsistent. One study indicated a positive, 
non-significant association (105), while two other studies indicated a negative, significant 
association (62, 91). For carbohydrates, there was one high quality study, which reported a 
positive, significant association (91). For protein, there were two high quality studies; both 
reported a negative, significant association (62, 91). For total fat, there was one high quality 
study, which reported a negative, significant association (unadjusted analyses only) (91). There 
were no high quality studies for fiber. For calcium, iron, magnesium, vitamin A, and vitamin C, 
there were two high quality studies. Both reported negative associations, and significance varied 
by study (62, 91). There were no high quality studies for potassium and vitamin D. For overall 
dietary quality, there were two high quality studies (61, 105): one study reported no association 
(61), and the other study reported a negative, significant association (105).  
Strengths and weaknesses in the body of evidence 
Strengths in the body of evidence were related to the samples. Evidence came from 
racially/ethnically diverse, young- and middle-aged women, living in Canada and the US. Most 
studies (20 of the 24) were completed with low and lower income samples. Samples represented 
various women subgroups at increased risk of food insecurity. By compiling results for a more 
homogenous group (mostly low-income women), this review better summarized the association 





and outcome level (Table 3.1 and Appendix 3.4, respectively). All studies analyzed cross-
sectional data. Several studies used measures that compromised accuracy to minimize participant 
burden, and the measurement reduced the overall quality of the study. Nearly half of studies did 
not provide control of confounding. Only five studies had congruent reference periods. There 
were weaknesses at the outcome level, such as having only one or two high quality studies per 
outcome. Across all dietary outcomes, the quality of evidence was low.  
Discussion 
This review completed a thorough evaluation of available evidence for women 
specifically, from a relatively large number of studies. Given that women’s experiences of food 
insecurity are unique (33-35, 39), and the importance of dietary quality in relating food 
insecurity to cardio-metabolic health (41, 42, 94), this study fills an important gap in the 
literature. The most important finding was that food-insecure women had lower intakes of seven 
additional food groups, macronutrients, and micronutrients, which were not supported in a prior 
systematic literature review of US adults and children (67). Hanson and Connor’s systematic 
literature review concluded that food-insecure adults in the US had lower frequencies of fruits 
and vegetables, and dairy, and lower intakes of calcium, magnesium, and vitamin A (67). Our 
review, for women-only in Canada and the US, found support for those associations, and 
extended their findings to these additional outcomes: total grains, meats/meats alternatives, 
protein, total fat, iron, vitamin C, and folate. Several included studies also evaluated adequacy 
(or the extent that dietary intake met recommended targets) (61, 62, 64, 91, 110, 113, 120), and 
reported that food-insecure women had greater inadequacy compared to food-secure women (64, 






Another important finding was the lack of higher quality (as determined in the risk of 
bias assessment) and prospective studies. Even after a rigorous review, all studies were cross-
sectional analyses, and there were only one or two studies of relatively high quality per dietary 
outcome. There remains a need for high-quality, prospective studies on food insecurity and diet 
(128, 129). Especially for low-income households, noticeable changes occur within a monthly 
period, as economic resources diminish (27, 29). Prior research has documented changes in 
household food inventory (130, 131), and decreases in women’s nutrient intakes within a 
monthly period (75). Future studies will benefit from carefully timed assessments of food 
insecurity and diet, and also from contextual data to understand whether food insecurity was 
episodic or persistent and the proximal causes. Providing control of confounding would also 
increase the quality. It would also be helpful to report a common dietary outcome, such as the 
Healthy Eating Index (HEI). However, only six studies in this review reported use of HEI, even 
though the HEI has existed since 2000 (123). Anecdotally, HEI was not widely adopted because 
of its complex scoring algorithm (124, 132). But, with updates to NDSR (e.g., added the solid fat 
variable in 2014), and step-by-step instructions (83), more studies may use HEI in the future. 
Research in rural areas represents another future research opportunity. The majority of studies in 
this review were completed in urban areas, and only four studies recruited participants from rural 
areas. According to US Census, 80% of the US population resided in urban areas, and there are 
important differences between rural and urban areas (133).  
The present review included studies that were heterogeneous in terms of samples and 
methods, and the heterogeneity might explain why some studies reported larger differences 
between food-insecure and food-secure women. Many studies (in the review) had samples 





comprised mostly of White women. Particularly in the US, health disparities between 
racial/ethnic groups cannot be ignored. US studies with more African American and Latina 
participants may have fewer pronounced differences in diet than studies done with primarily 
Caucasian participants. It is more difficult to speculate regarding racial/ethnic differences in the 
Canadian studies, because these studies reported race/ethnicity differently.  
Studies also varied in methods, especially in the quality of measures, analytic techniques, 
and timing. Some smaller studies used multiple dietary recalls, but did not control confounding, 
or reported no association in bivariate analyses (and completed no additional analyses). Larger 
studies tended to control confounding, but did not have agreement in reference periods for food 
insecurity and dietary assessment. Studies analyzing data from interventions tended to use brief 
measures considered to have more bias, and incongruent reference periods. Fair and high quality 
studies had larger differences and statistically significant differences (31, 62, 91, 105, 113). The 
timing of studies also may have impacted the association. Older studies (1990s and early 2000s) 
observed more distinct dietary differences by food insecurity status (31, 62, 64, 91), compared to 
recent studies. Since the 1990s, there have been technological advances in dietary data collection 
and analysis, which may explain differences. Lastly, there was not a single dietary outcome 
across all studies for comparison, though we overcame this challenge by calculating a percent 
difference.  
A few items warrant additional discussion. First, three Canadian studies consistently 
reported statistically significant associations (31, 62, 91, 113). These studies had higher 
methodological quality relative to others (Table 1). Additionally, one study classified food 
insecurity using Health Canada’s approach (113), which is less conservative than the US’s 





outcomes among Canadian versus US adults (93), it is also possible that the higher quality 
studies - with better measures, agreement in reference periods for food insecurity and dietary 
assessment, and control of confounding - captured true differences between food-insecure and 
food-secure women. Second, one US study consistently reported associations in the opposite 
direction (101); specifically, authors found food-insecure women had greater intakes of total 
energy, protein, total fat, and lower intakes of carbohydrate relative to food-secure women (101). 
One explanation may be related to their sample of NHANES respondents was not representative 
of the target population. Even though many studies were of lower quality, results for protein, 
fiber, and most micronutrients, were largely consistent among all studies.  
This review had some limitations, such as restricting studies to English-language, and 
only having one reviewer, which increased the risk of bias, and not having a common measure to 
compare results across studies. But, we calculated a percent difference for each dietary outcome 
that allowed us to compare results across studies, and across outcomes. Strengths of the review 
included applying IOM recommendations to search trans-disciplinary databases and the gray 
literature through October 2016, summarizing and evaluating the evidence for women from 24 
studies in Canada and the US. Gray literature sources contributed ten of the included studies, 
which underscore their importance in this review. In comparison, Hanson and Connor’s 
systematic literature review included PubMed/MEDLINE, ProQuest, and JSTOR, and searched 
typical gray literature sources (Google Scholar and library catalog) through August 2013; they 
identified 13 studies with US adults (67). Their review did not include a risk of bias assessment. 
Thus, we presented more of the available evidence, minimized publication bias, had more 





Results from this review contribute valuable insights regarding how food insecurity 
relates to dietary outcomes in women, specifically for lower frequencies of dairy, total fruits and 
vegetables, total grains, meats/meats alternatives; lower intakes of protein and total fat; and 
lower intakes of calcium, iron, folate, magnesium, and vitamins A and C. Across studies, results 
showed food insecurity was negatively associated with several micronutrients, including folate 
and iron, which are especially important for women who are pregnant and breastfeeding (134). 
Findings from this review, related to micronutrients in particular, support for screening pregnant 
women for food insecurity. This review also offers general support to existing programs, such as 
SNAP and WIC, that address food insecurity and improve dietary quality in women (135). Given 
that women are primarily responsible for feeding their families (38), nutrition programs often 
target low-income women with children. SNAP is designed as a supplementary program to 
reduce food insecurity, and improve the health and well being of low-income populations (135). 
WIC targets food insecurity and dietary quality by providing nutritious foods to pregnant and 
breastfeeding women at-risk of poor nutrition (135). SNAP and WIC are essential programs for 
mitigating food insecurity’s effects among women, but they are insufficient. Social and policy 
changes are needed for women to overcome challenges associated with purchasing nutritious 
foods.  
This paper contributed a comprehensive and up-to-date literature review on the 
association between food insecurity and dietary outcomes among women (18-60 years) living in 
the US and Canada, and in doing so, strengthened the evidence base. Among studies of relative 
high quality, food insecurity was negatively and significantly associated with total fruits and 
vegetables, dairy, total grains, meats and meats alternatives, protein, total fat, calcium, iron, 





studies per dietary outcome, and few studies with rural participants, which points to the need for 
additional research. Findings from this review can be used to select nutritional targets in public 




Figure 3.1. PRISMA flowchart for identification, screening and eligibilty determination process
 
This figure was based on a PRISMA example Database searching included PubMed/MEDLINE, 
CINAHL, Scopus and Web of Science, and we located additional references in the gray 
literature. All studies (n=2471) were screened using the title and abstract. During screening, we 
excluded studies that were not related to the topic, the population, or not written in English. 
Ninety references were potentially related and reviewed more carefully using the full-text of the 
research paper or report. Twenty-four research studies were eligible for this review and included 
in the final set of studies.  
Figure 1 – PRISMA Flowchart 
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    Additional references 
identified through gray 
literature (n = 1303) 
Records after duplicates 
removed 
(n = 2471) 
Records screened 
(n = 2471) 
Records excluded 
(n = 2385) 
Full-text papers assessed 
for eligibility 
(n = 90) 
Excluded with reasons  
(n = 65) 
Food insecurity assessment 
(n=6);  
Dietary assessment (n = 17); 
Ineligible outcomes (n=1); 
No analysis for food insecurity 
& diet (n = 19); 
No results for women subgroup 
(n = 20);  
No research paper or report for 
data extraction (n=1); 
Duplicate with another included 
study (n=1) 
Papers included in 
qualitative synthesis 
(n = 25) 
References identified 
from prior literature 
reviews (n = 4) 
 
PubMed/MEDLINE search 
strategy: “(women[mh] OR 
women[tiab] OR woman[tiab]) 
AND (diet[mh] OR dietary 
intake[tw] OR dietary 
intake[tiab] OR diet 
quality[tiab]) AND 
(hunger[mh] OR hunger[tiab] 
OR food supply[mh] OR food 
access[tiab] OR household 
food availability[tiab] OR food 
insecurity[tiab] OR food 
security[tiab] OR food 























Table presents the PICOS parameters, recommended in PRISMA (95), used to describe the 







Parameter Inclusion criteria Exclusion criteria 
Population Adult women (18-60 years old) 
living in Canada and the US 
Older and elderly adults 
(mean age of sample > 60 
years); Refugees, drug users, 
and people with HIV/AIDS 
Intervention 
or exposure 
Food insufficiency or food 
insecurity as assessed by valid, 
reliable measure e.g., Food 
Security Survey Module 
(FSSM) 
Non-valid measure 
Comparison None None 
Outcomes Frequencies of food groups 
(dairy, fruits, vegetables, fruits 
and vegetables, grains, 
meats/meats alternatives); 
intake of total energy, 
macronutrients (carbohydrates, 
protein, total fat, saturated fat, 
fiber), micronutrients (calcium, 
iron, magnesium, potassium, 
sodium, folate, vitamins A, C, 
and D); overall dietary quality 
(index, e.g., Healthy Eating 
Index total score) 
Non-valid measure 
Adequacy-based dietary 
outcomes (e.g., percent 
meeting dietary targets, or 
recommended daily 
allowance) 
Study design Observational studies None 
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Kendall et al. 
(1996) 
MOD  NONE LOW  UNK  HIGH  C 
McIntyre et al. 
(2007) 





NONE NONE LOW LOW  LOW  A 
Basiotis & 
Lino (2002) 
HIGH  HIGH  MOD  UNK HIGH  C 
Zizza et al. 
(2008) 
HIGH  NONE MOD  HIGH  LOW  B 
Berkowitz et 
al. (2014) 
LOW  NONE LOW LOW  LOW  A 
Di Noia et al. 
(2016) 
NONE MOD HIGH  UNK  LOW  C 
Duffy et al. 
(2009) 
NONE  NONE MOD  HIGH  NAb B 
Feder (2001) NONE NONE HIGH  HIGH  HIGH  C 
Gamba et al. 
(2016) 






NONE NONE LOW LOW  NAb   A 
Herman (2002) NONE NONE LOW  MOD  HIGH  B 
Hilmers et al. 
(2014) 
NONE LOW MOD. HIGH  LOW  B 
Johnson et al. 
(2014) 
NONE LOW  LOW  HIGH  HIGH  C 
Kirkpatrick & 
Tarasuk (2008) 
HIGH  NONE MOD HIGH  LOW  B 
Mayer et al. 
(2015) 
NONE NONE HIGH HIGH  HIGH  C 
Mello et al. 
(2010) 
NONE HIGH  HIGH  LOW LOW  B 
Miewald et al. 
(2012)49 
LOW  NONE HIGH  HIGH  HIGH  C 
Mook et al. 
(2016) 
LOW  LOW  HIGH  HIGH  LOW  C 
Park et al. 
(2014) 












The risk of bias for each component is shown in capital letters. Components (for risk of bias 
assessment) are based on applicable components in the EPHPP (102), and represented potential 
sources of bias due to methodological deficiencies. Selection bias is based on recruitment or 
inclusion criteria. Studies that recruited women representing the target population of low and 
lower income women at risk of food insecurity are rated as the least biased. Methods includes 
details on the measures and analysis. Food insecurity and dietary assessment needed to use valid, 
reliable measures over the same reference period to be the least biased. Analysis needed to 
include control of confounding. The risk of bias is written in all capital letters. We use AHRQ’s 
approach to evaluate overall quality assessment. 
 
aUsing the AHRQ approach, methodological quality was rated as: A = Least bias (results are 
valid), B = Susceptible to some bias, but not sufficient to invalidate the results, and C = 
Significant bias that may invalidate the results.  
bStudy did perform additional analyses after non-significant crude association of food insecurity 
with diet. 
Rush et al. 
(2007) 
NONE NONE  MOD  HIGH  HIGH  C 
Sharpe et al. 
(2016) 
LOW  LOW  LOW  
 
HIGH  HIGH  C 
Swindle et al. 
(2016) 
LOW  HIGH  HIGH  UNK  LOW  C 
Ward et al. 
(2011) 
LOW NONE HIGH  HIGH LOW  C 
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Table 3.3. Characteristics of included research studies (n=24)  
Author (year) 
 







Kendall et al. (1996) New York, US White 193 33.6 yr  53% 



















Tarasuk (2001);  















Basiotis & Lino 
(2002) 




Zizza et al. (2008) 
 























or Other, Two 
or More Races  
744 29.0 yr  55% 
Duffy et al. (2009) Alabama, US Black,a White, 
Other 

















Gamba et al. (2016) 
 
National, US Non-Hispanic 
Black, 
Hispanic, non-


























California, US African 
American, 
Hispanica 
































































Mook et al. (2016) 
 
































aLargest racial/ethnic subgroup in the sample or women-only subgroup. 
bUnpublished data provided via personal communication with corresponding author.  
cStudy collected data on age as a categorical variable (< 25, 25-35, 35-45, 45+ years), and sub-
analyses included women < 45 years. dStudy reported mean score = 5.6. Responding 
affirmatively to >3 items on the 18-item US FSSM scale indicates food insecurity.
Carolina, US (25-50 
yr) 


















Data are unadjusted means except where noted otherwise. Total energy intake in kilocalories per 
day. When intake was reported in kilojoules, intake was converted intake to kilocalories (1 
kilojoule = 0.239 kilocalorie). When standard error was reported, standard deviation was 
calculated using the standard error and sample size. A percent (%) difference was calculated 
using this formula: (food insecure mean - food secure mean)/(food secure mean) x 100. A 
negative value indicates that food-insecure women had lower intakes compared to food-secure 
women. Studies measured and categorized food insecurity differently. 
 
aAdjusted p-values. Study adjusted for: study site (Atlantic vs. Toronto), education (post-
secondary or degree), age of oldest child <4 years, daily smoker, presence of employment 
income, and number of children (>3).  
bStudy reported the intake difference for the no hunger (food secure) and hunger (food insecure) 
groups, along with unadjusted and adjusted p-values. This review calculated the mean of the 
hunger (food insecure) group, using the mean of the no hunger (food secure) group, and the 





















 Mean SD Mean SD (%)   
Kendall et al. (1996) 1678 NR 1598 NR -5% 0.31 - 
McIntyre et al. 
(2007) 
1787 776 1515 610 -15% 0.0082 0.0374a 
Tarasuk & Beaton 
(1999) 
1717 767 1432b NR -17% 0.0110 0.0307c 
Basiotis & Lino 
(2002) 
1868 NR 1959 NR +5% NR - 
Zizza et al. (2008) 1897d 1381 1995d 724 +5%e - NRd 
Berkowitz et al. 
(2014)f 
2180 1037 2323 1224 +7% 0.1420 0.1842g 
Hilmers et al. (2014) 1543h 700 1509h 739 -2% - NRh 








1850 2100 1707 1447 -8% 0.06 0.12i 
Rush et al. (2007)f 1644 481 1352 549 -18%e 0.6 - 
Sharpe et al. (2016) 1906 825 1955 656 +3% 0.65 - 
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cAdjusted p-values. Study adjusted for: disposable income (adjusted for family size and 
composition), presence of employment income in the household, presence of a partner in the 
household, and woman’s level of education, smoking status, and ethnoracial identity.  
dAdjusted means. Study adjusted for: age, ethnicity/race, education, and income.  
eStudy reported total energy for more than two food insecurity groups. Difference based on the 
most and least food insecure groups. fUnpublished data provided via personal communication.  
gAdjusted p-values. Study adjusted for: age, and income-to-poverty ratio.  
hAdjusted means. Study adjusted for: socio-demographic variables, body mass index score, 
Supplemental Nutrition Assistance Program participation.  
iAdjusted p-values. Study adjusted for: income adequacy, respondent education, immigrant 
status, current daily smoking status, and household size variables. 
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Table 3.5. Percent differences in daily frequency of consumption of food groups between food 











 Mean SD Mean SD (%)   
Total fruits and 
vegetables 
       
McIntyre et al. 
(2007) 
3.8 2.6 2.9 2.1 -24% 0.0049 0.0073a 
Tarasuk (2001) 5.0 3.3 3.7 2.3 -26%b NRc - 
Feder (2001) 4.9 4.4 3.7 3.3 -24% 0.068 - 
Herman (2002) 8.9 5.6 9.1 6.1 +2% NR - 
Johnson et al. 
(2014)d 








4.9 6.8 3.8 4.4 -22% <0.01 <0.0e 
Mello et al. 
(2010)d 
7.6 5.4 8.0 5.4 +6% 0.09 0.26f 
Miewald et al. 
(2012)d 
5.6 2.6 3.8 2.1 -32% 0.006 - 
Mook et al. 
(2016)d 
2.9 1.5 2.0 1.5 -31% <0.0001 <0.0001g 
Rush et al. 
(2007)d 
4.0 1.9 3.3 0.9 -18%b 0.7 - 
Sharpe et al. 
(2016) 
3.4 1.7 3.2 1.8 -6% 0.36 - 
Fruits only        
Kendall et al. 
(1996) 
1.2 NR 0.7 NR -42% <0.001 - 
Di Noia et al. 
(2016)d 
2.7h 1.6h 2.8h 1.8h +4% 0.3 0.2i 
Hilmers et al. 
(2014) 
0.8j 1.4j 0.8j 1.4j +6% - NRc,j 
Johnson et al. 
2014)d 
1.1 1.3 0.9 1.3 -22% 0.34 - 
Mayer et al. 
(2015)d 
0.7k 0.7k 0.7k 1.1k +4% 0.77 - 
Mello et al. 
(2010)d 
4.9 2.7 5.3 2.7 +8% 0.06 0.26f 
Miewald et al. 
(2012)d 
2.4 1.3 2.1 1.6 -13% 0.371 - 




Swindle et al. 
(2016)d 
2.3 1.0 2.1 0.9 -9% 0.137 0.078l 
Vegetables only        
Kendall et al. 
(1996) 
1.2 NR 1.1 NR -8% 0.89 - 
Di Noia et al. 
(2016)d 
1.3h 1.1h 1.5h 1.2h +15% 0.01 0.02i 
Hilmers et al. 
(2014) 
1.8j 2.0j 1.7j 2.0j -5% - NRc,j 
Johnson et al. 
(2014)d 
2.0 1.2 1.9 1.2 -4% 0.78 - 
Mayer et al. 
(2015)d 
0.5k 0.4k 0.4k 0.4k -14% 0.17 - 
Mello et al. 
(2010)d 
2.7 2.7 2.7 2.7 +2% 0.53 0.48f 
Miewald et al. 
(2012)d 
3.2 2.0 2.0 1.0 -38% 0.002  
Sharpe et al. 
(2016)  
2.5 1.4 2.3 1.4 -8% 0.35 - 
Swindle et al. 
(2016)d 
2.5 1.0 2.2 1.0 -12% 0.043 0.078l 
Dairy (milk 
products) 
       
Kendall et al. 
(1996) 
1.5 NR 1.4 NR -7% 0.58 - 
McIntyre et al. 
(2007) 
1.2 1.2 0.8 0.7 -31% 0.0056 0.0762a 
Tarasuk (2001) 1.0 1.0 0.7 0.6 -24%b NR - 
Johnson et al. 
(2014)d 








1.5 6.8 1.3 4.4 -13% 0.03 0.2e 
Rush et al. 
(2007)d 
1.4 0.5 1.5 1.3 +7%b 0.9 - 
Sharpe et al. 
(2016) 
1.1 1.0 1.2 0.9 +9% 0.7 - 
Total grains        
Kendall et al. 
(1996) 
4.2 NR 4.2 NR 0% 0.83 - 
McIntyre et al. 
(2007) 





























Studies measured and reported food groups differently. Units are servings per day for all entries 
except where noted. 
 
aAdjusted p-values. Study adjusted for: study site (Atlantic vs. Toronto), education (post-
secondary or degree), age of oldest child <4 years, daily smoker, presence of employment 
income, and number of children (>3).  
bDifference calculated between the most food insecure and least food insecure group.  
cNo p-value reported, but study indicated p-value < 0.05.  
dUnpublished data provided via personal communication with corresponding author.  
eAdjusted p-values. Study adjusted for: income adequacy, respondent education, immigrant 
status, current daily smoking status, and household size.  
fAdjusted p-values. Study adjusted for: age, race/ethnicity, and education.  
gAdjusted p-values. Study adjusted for: age, Black race, and education.  
Tarasuk (2001) 4.7 2.7 3.6 2.1 -22%b NR - 
Johnson et al. 
2014d 








5.0 6.8 4.7 6.6 -6% 0.28 0.42e 
Rush et al. 
(2007)d 
6.6 1.1 5.4 1.6 -18%b 0.2 - 
Sharpe et al. 
(2016) 
5.8 3.0 5.8 2.5 0% 0.98 - 
Meats/meat 
alternatives 
       
Kendall et al. 
(1996) 
1.6m NR 1.6m NR 0% 0.88 - 
McIntyre et al. 
(2007) 
2.1 1.1 1.9 1.1 -10% 0.1189 0.0398a 
Tarasuk (2001) 2.5 1.3 1.6 1.1 -36%b NRc - 
Johnson et al. 
2014d 








3.4 13.5 3.1 4.4 -9% 0.24 0.59e 
Rush et al. 
(2007)d 
2.0 0.5 1.8 0.3 -10%b 0.6 - 
Sharpe et al. 
(2016) 
5.2n 2.7 5.3n 2.9 +2% 0.86 - 
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hIntake measured in cups.  
iAdjusted p-values. Study adjusted for: age, race/ethnicity, education.  
jAdjusted means and p-values. Study adjusted for: socio-demographic variables, body mass 
index score, Supplemental Nutrition Assistance Program participation, and energy intake.  
kIntake measured in cup equivalents.  
lAdjusted p-values. Study adjusted for: age, teacher’s role, and agency type.  
mMeats only. Study did not report meat alternative intake.  




Table 3.6. Percent difference in daily intake of macronutrients (carbohydrates, protein, total fat, 












 Mean SD Mean SD (%)   
Carbohydrates (% 
total energy) 
       
Tarasuk & Beaton 
(1999) 
56.5 NR 56.9a NR +1% 0.0181 0.0431b 
Zizza et al. (2008) 53.2c NR 50.8c NR -5%d - NRc 
Johnson et al. 
(2014)e 








48.2 33.8 52.3 30.9 +9% <0.01 0.08f 
Rush et al. 
(2007)e 
53.3 9.5 60.3 8.5 +13%d 0.4 - 
Sharpe et al. 
(2016) 
47.7 8.0 50.1 7.8 +5% 0.04 - 
Protein (% total 
energy) 
       
McIntyre et al. 
(2007) 
15.0 NR 14.8 NR -2% 0.0039 0.0386g 
Tarasuk & Beaton 
(1999) 
15.8 NR 14.7a NR -7% 0.0009 0.0041b 
Zizza et al. (2008) 13.7c NR 14.0c NR +2%d - NRc 
Johnson et al. 
(2014)e 








16.6 20.3 16.0 13.3 -4% 0.38 0.99f 
Rush et al. 
(2007)e 
14.8 1.9 13.7 3.2 -7%d 0.4 - 
Sharpe et al. 
(2016) 
16.2 4.3 15.1 3.2 -7% 0.05 - 
Saturated fat (% 
total energy)   
     
Kendall et al. 




Data presented for macronutrient’s percent contribution to total energy except for fiber, which is 
reported in grams per day. When intake was reported in only grams per day, we estimated the 
percent contribution using the group mean of macronutrient intake in grams per day, and of total 
energy intake in kilocalories per day, and the following conversions: 1 gram carbohydrate = 4 
Zizza et al. (2008) 11.0c NR 12.0c NR +10%d - NRc,i 
Hilmers et al. 
(2014) 11.0h 4.7 10.7h 4.9 -3% - NRh 
Johnson et al. 
(2014)e 12.6 3.5 11.7 3.4 -7% 0.22 - 
Sharpe et al. 
(2016) 11.2 2.5 11.2 2.8 0% 0.91 - 
Total fat (% total 
energy) 
       
Kendall et al. 
(1996) 
35.9 NR 36.6 NR +2% 0.56 - 
Tarasuk & Beaton 
(1999) 
28.5 NR 28.1a NR -1% 0.0423 0.0876b 
Zizza et al. (2008) 33.3c NR 35.6c NR +7%d - NRc,i 
Hilmers et al. 
(2014) 
32.2h 11.5 31.0h 12.1 -4% - NRh 
Johnson et al. 
(2014)e 








32.2 27.0 30.1 26.5 -7% 0.09 0.13f 
Rush et al. 
(2007)e 
31.9 10.6 25.9 7.0 -19%d 0.4 - 
Sharpe et al. 
(2016) 
35.4 5.9 34.5 6.4 -3% 0.27 - 
Fiber (grams)        
Kendall et al. 
(1996) 
9.8 NR 8.1 NR -17% 0.03 - 
Hilmers et al. 
(2014) 








15.8 27.0 13.0 15.5 -18% <0.01 0.01f 
Sharpe et al. 
(2016) 
13.4 6.4 12.8 6.4 -4% 0.54 - 
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kilocalories/gram, 1 gram protein = 4 kilocalories/gram, 1 gram total fat = 9 kilocalories/gram, 
and 1 gram saturated fat = 9 kilocalories/gram. When total energy was reported in kilojoules, we 
converted energy into kilocalories using the conversion 1 kilojoule = 0.239 kilocalorie. 
  
aStudy reported the intake difference for the no hunger (food secure) and hunger (food insecure) 
groups, along with unadjusted and adjusted p-values. This review calculated the mean of the 
hunger (food insecure) group, using the mean of the no hunger (food secure) group, and the 
unadjusted intake difference.  
bAdjusted p-values. Study adjusted for: disposable income (adjusted for family size and 
composition), presence of employment income in the household, presence of a partner in the 
household, and woman’s level of education, smoking status, and ethnoracial identity. 
cAdjusted means and p-values. Intake difference calculated based on the adjusted mean for each 
group. Study adjusted for: age, ethnicity/race, education, and income.  
dDifference calculated between the most food insecure and least food insecure group.  
eUnpublished data provided via personal communication with corresponding author.  
fAdjusted p-values. Study adjusted for: income adequacy, respondent education, immigrant 
status, current daily smoking status, and household size. Study reported macronutrients in grams 
per day and percent contribution to total energy. This review calculated the percent difference 
based on intake reported in percent of total energy.  
gAdjusted p-values. Study adjusted for: study site (Atlantic vs. Toronto), education (post-
secondary or degree), age of oldest child <4 years, daily smoker, presence of employment 
income, and number of children (>3).  
hAdjusted means and p-values. Intake difference calculated based on the adjusted mean for each 
group. Study adjusted for: socio-demographic variables, body mass index score, and 
Supplemental Nutrition Assistance Program participation.  



















 Mean SD Mean SD (%)   
Calcium 
(milligrams) 
       
Kendall et al. 
(1996) 
731 NR 663 NR -9% 0.23 - 
McIntyre et al. 
(2007) 
625 404 495 287 -21% 0.0089 0.0497a 
Tarasuk & Beaton 
(1999) 
560 355 459b NR -18% 0.0505 0.1071c 
Hilmers et al. 
(2014) 








832 1305 750 1155 -10% 0.05 0.21e 
Iron (milligrams)        
Kendall et al. 
(1996) 
10 NR 10 NR -2% 0.83 - 
McIntyre et al. 
(2007) 
11 6 9 4 -15% 0.0277 0.2082a 
Tarasuk & Beaton 
(1999) 
12 7 9b NR -23% 0.0030 0.0122c 
Hilmers et al. 
(2014) 








12 14 11 11 -10% 0.03 0.11e 
Park & Eicher-
Miller (2014) 
15 1 15 1 -4% 0.59 - 
Magnesium 
(milligrams) 
       
McIntyre et al. 
(2007) 
228 103 196 84 -14% 0.0178 0.0261a 
Tarasuk & Beaton 
(1999) 
237 100 192b NR -19% 0.0033 0.0082c 
Kirkpatrick & 
Tarasuk (2008) 







307 311 265 243 -14% <0.01 0.02e 
Vitamin A (Retinol 
activity 
equivalents) 
       
Kendall et al. 
(1996) 
5550f NR 6622f NR +19% 0.28 NR 
McIntyre et al. 
(2007) 
743 946 432 390 -42% 0.0001 0.0003a 
Tarasuk & Beaton 
(1999) 
1339g 1684 646b,g NR -52% 0.0006 0.0015c 
Hilmers et al. 
(2014) 








641 1332 575 1272 -10% 0.10 0.44e 
Vitamin C 
(milligrams) 
       
Kendall et al. 
(1996) 
96 NR 82 NR -15% 0.23 - 
McIntyre et al. 
(2007) 
100 82 78 64 -22% 0.0389 0.0405a 
Tarasuk & Beaton 
(1999) 
108 82 81b NR -25% 0.028 0.1042c 
Hilmers et al. 
(2014) 








117 257 109 256 -7% 0.06 0.17e 
Sodium 
(milligrams)  
      
Sharpe et al. 
(2016) 3251 1343 3105 1084 -4% 0.42 - 
Hilmers et al. 
(2014)a 2555d 895 2642d 945 +3% - NR 
Kirkpatrick & 
Tarasuk (2008) 




Unadjusted means except where noted otherwise. Data presented in different units for different 
micronutrients.  
 
aAdjusted means and p-values. Study adjusted for: study site (Atlantic vs. Toronto), education 
(post-secondary or degree), age of oldest child <4 years, daily smoker, presence of employment 
income, and number of children (>3).  
bStudy reported the intake difference for the no hunger (food secure) and hunger (food insecure) 
groups, along with unadjusted and adjusted p-values. This review calculated the mean of the 
hunger (food insecure) group, using the mean of the no hunger (food secure) group, and the 
unadjusted intake difference.  
cAdjusted p-values. Study adjusted for: disposable income (adjusted for family size and 
composition), presence of employment income in the household, presence of a partner in the 
household, and woman’s level of education, smoking status, and ethnoracial identity.  
dAdjusted means and p-values. Intake difference calculated based on the adjusted mean for each 
group. Study adjusted for: socio-demographic variables, body mass index score, Supplemental 
Nutrition Assistance Program participation, and energy intake. eAdjusted p-values.   
fInternational units.  
gRetinol equivalents.  
hNo p-value reported, but study indicated p-value < 0.05. 
Kirkpatrick & 
Tarasuk (2008) 
31-50 yrb 2792 3623 2410 2671 -14% <0.01 0.02e 
Folate 
(micrograms) 
       
Tarasuk & Beaton 
(1999) 
198 116 155b NR -22% 0.0085 0.0247c 
Hilmers et al. 
(2014) 








424 669 378 424 -11% 0.03 0.06e 
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Each index’s total score represented overall dietary quality. Studies used different indices to 
measure overall dietary quality (HEI, AHEI, and DQI-P). Three studies report parameter 
estimates and standard errors from regression analyses modeling the association of food 
insecurity with overall dietary quality. For those three studies, estimates (ß) and standard errors 
(SE) are  as follows: -1.7 (0.9) (Berkowitz et al. 2014), 0.3 (1.6) (Gamba et al. 2016), and -0.3 
(0.3) (Ward et al. 2011). 
 
aStudy used the HEI 1999-2000, and the maximum score is 100.  
bStudy did not report exact p-value, but study indicated difference in HEI total score was 
statistically significant. 
 cStudy used the HEI-2005, and the maximum score is 100.  
dUnpublished data provided via personal communication with corresponding author.  
eAdjusted p-values. Study adjusted for: age, and income-to-poverty ratio.  
fHealthy Eating Index for Canada is a variation of the HEI that accommodates dietary 
recommendations for Canadians.  





















 Mean SD Mean SD (%) p p 
HEI        
Basiotis & Lino 
(2002)a 
62.7 NR 58.8 NR -6% NRb - 
Berkowitz et al. 
(2014)c,d 
71.6 9.7 69.5 9.6 -3% 0.0173 0.0462e 
Duffy et al. 
(2009)d 
NR NR NR NR NR NR - 
Glanville & 
McIntyre (2006)f 
NR NR NR NR NR NR - 
Herman et al. 
(2002)a 
64.6 14.1 65.5 14.6 +1% NR 
Johnson et al. 
(2014)d,g 
46.2 14.0 48.2 15.4 +4% 0.5 
AHEI        
Gamba et al. 
(2016)h 
40.9i NR 42.6i NR +4% NR NRj 
Sharpe et al. 
(2016)k 
30.8 9.8 28.6 8.8 -7% 0.65 - 
DQI-P        
Ward et al. 
(2011)l 
NR NR NR NR NR - 0.37m 
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 hStudy used the AHEI for Pregnancy, and the maximum score is 80.  
iStudy reported median scores for food secure and food insecure groups. Also, study defined 
food insecure as marginal, low or very low food insecurity (vs. low or very low).  
jAdjusted p-values. Study adjusted for: age, education, race/ethnicity, income, marital status, and 
nativity.  
kStudy used a modified AHEI that excluded multivitamin use component, with a maximum total 
score of 80.  
lDQI-P has a maximum score is 70.  




CHAPTER 4. RE-CONCEPTUALIZING FOOD INSECURITY WITH A NEW, MULTI-
DIMENSIONAL SCALE 
Overview 
The USDA’s FSSM is a valuable tool for national monitoring and surveillance, but it has 
some important limitations. This study’s objective is to develop and evaluate a new multi-
dimensional, food insecurity measure for use in programs and research. Cross-sectional data are 
from a prospective study with low-income, African American, Latina, and Caucasian women 
living in NC (n=109). Participants completed in-depth interviews and surveys. The new food 
insecurity scale is designed to measure food insecurity at the individual-level, and reflects the 
four dimensions of food insecurity: quantitative (shortage of food), qualitative (reduced food and 
nutritional quality), psychological (uncertainty in accessing enough food) and social (deprivation 
and alienation). Analyses include a confirmatory factor analysis with Mplus® software to 
examine the hypothesized structure, and a concordance analysis with SAS® software to compare 
categorization between the new scale and the FSSM 10-item adult scale (Cohen’s kappa 
coefficient of agreement, and Kendall’s coefficient of concordance). We developed a scoring 
protocol for categorizing severity as food secure, mildly food insecure and severely food 
insecure. Cut-offs were based on analyzing qualitative data, and descriptive statistics from the 
new scale. Results from the confirmatory factor analysis support the hypothesized model, 
defined as four factors for the quantitative, qualitative, psychological and social dimensions. A 
four-factor model fit the data reasonably well: χ2 test p>0.05 (χ2=94.4, df=98, p=0.6) and χ2:df 
ratio less than 3:1 (1:1); RMSEA<0.06 and 90% CI lower limit near zero and upper limit below 
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0.08 (RMSEA=0.0, 90% CI: 0.0, 0.05); and CFI > 0.95 (CFI = 1.0). Factor loadings range from 
0.8 to 1.2. Each factor has statistically significant associations with hypothesized items. 
Correlations between factors range from 0.4 to 0.8. Results show that there was a significant 
positive association and concordance between the two scales. Using a binary categorization, 
Kendall’s coefficient of concordance is 0.74 (F=2.80, df=107, p < 0.0001); using a three-level 
categorization, Kendall’s coefficient of concordance is 0.81 (F=4.26, df=107, p < 0.0001). In 
addition, there is fair agreement between the two scales for the binary (kappa = 0.35, p = 0.0001) 
and three-level (kappa = 0.31, p < 0.0001) categorization, which meant that the agreement was 
not due to chance alone. However, the agreement for each category varies. For the three-level 
categorization, there is fair agreement for food secure (kappa = 0.35, p = 0.0001), slight 
agreement for mildly food insecure (kappa = 0.13, p = 0.09), and moderate agreement for the 
severely food insecure (kappa = 0.47, p < 0.0001). Findings provide preliminary support for an 
alternative measure, the 4D-FIS, for assessing and categorizing severity of food insecurity as part 
of program and research applications. 
Introduction 
The USDA defines food insecurity as having limited access to adequate food (2). In 
2015, the USDA celebrated the 20th anniversary of its national food insecurity measure – the 
household version of the Food Security Survey Module, a valuable tool for national monitoring 
and surveillance of food insecurity (18). Since 1995, the USDA has utilized the FSSM to report 
the national prevalence and severity of household food insecurity (2, 18). In addition to the full 
household scale, the FSSM also includes an abbreviated household scale and a scale for adults 
(in households without children) (16, 17). The FSSM is widely used by policymakers and 
researchers to identify people with unmet needs for food; understand antecedents and 
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consequences of not having adequate food; guide development and administration of food and 
nutrition assistance programs; and evaluate progress in meeting health and well being objectives 
(18, 23). 
 However, the FSSM was designed to be a broad tool, and has multiple shortcomings. 
Qualitative studies demonstrate that experiences of food insecurity are multi-dimensional and 
include quantitative (e.g., shortage of food), qualitative (e.g., unsuitability of food and diet), 
psychological (e.g., uncertainty in access), and social (e.g., alienation) aspects (8, 25, 26). 
However, the majority of items in the FSSM focus on quantitative aspects of food insecurity 
(e.g., food shortages). The FSSM pays less attention to other aspects (3, 19, 20, 23). While these 
aspects may be less severe than experiencing reduced food intake, they are no less important. In 
fact, less severe food insecurity has been associated with cardio-metabolic health outcomes (24, 
42). A second limitation is that the USDA’s approach is a methodologically conservative: it 
categorizes the severity of food insecurity based on the number of affirmative responses to the 
FSSM (19), which may underestimate the extent of the problem (21, 22). For specific 
applications, such as identifying food-insecure individuals in a community-based program or 
research project, it is important to identify people who experience less and more severe food 
insecurity, and an alternative measure may be valuable. 
Recognizing these limitations of the FSSM, we developed an alternative, multi-
dimensional scale to measure food insecurity. The scale was administered in a sample of low-
income, African American, Latina and Caucasian women living in rural and urban areas of North 
Carolina. Study objectives were to: (1) test the hypothesized structure of the new scale, using 
confirmatory factor analysis, and (2) evaluate concordance of the new scale with the FSSM adult 




We use cross-sectional data from year 3 of a prospective project, Voices into Action: The 
Families, Food, and Health Project (USDA Grant No. 2011-68001-30103). The Voices into 
Action (VIA) project was a mixed-methods research and outreach project at North Carolina State 
University in Raleigh (2011-2016). The project applied qualitative and quantitative methods to 
understand obesity-related factors among low-income families in Harnett, Lee, and Wake 
Counties of North Carolina. The Institutional Review Board (IRB) at North Carolina State 
University approved the VIA project, and the IRB at the University of North Carolina-Chapel 
Hill approved the current analysis. 
Study sample and recruitment 
Project staff developed a purposive sampling strategy that was locally representative of 
the low-income population of African American, Latino and Caucasian subgroups in the study 
areas: two rural counties (Harnett and Lee Counties) and one urban area (Southeast Raleigh in 
Wake County) within NC. The sampling strategy considered social connections and limited 
referrals from people who knew each other. In addition, the sampling strategy varied to include 
different income levels, marital status and occupation, and the age and gender of children. 
Sampling was designed to represent the distribution of African American, Latino and Caucasian 
subgroups within the low-income population in the three communities, and required a minimum 
of 10 per group. However, in the urban area (Southeast Raleigh), project staff members were 
unable to reach any Caucasian low-income participants, and all participants were African 
American and Latino. At year 1 recruitment, eligible participants were primary female caregivers 
(mothers and grandmothers) of  > one child between 2 and 8 years of age with household 
incomes at or below 200% of the federal poverty line.  
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All participants provided written informed consent at the beginning of the project and 
again for year 3 data collection. For year 3 recruitment, project staff re-contacted participants 
who completed year 1 activities (n=124). While project staff members were unable to contact 
everyone (n=9), they re-connected with the majority (n=115). Three participants did not want to 
participate in year 3 and withdrew (n=3), resulting in a sample of 112 participants.  
Data collection  
The project team consisted of trained personnel from nutrition, psychology, public health, 
and sociology. Data collection protocols, interview guides, and surveys were pre-tested with 
volunteers before data collection. Each participant completed three in-person interviews: a 
sociological interview (focused on participant’s impressions of the neighborhood, making ends 
meet, parenting, and health), a nutrition interview (focused on participant’s food shopping, 
strategies, food assistance programs and food insecurity), and an interviewer-administered 
survey (quantitative measures including income and benefits, food program participation, and the 
FSSM adult scale (15)). The sociology and nutrition interviews were both in-depth interviews 
and audio-recorded. Interviews were completed in English and Spanish as appropriate. 
Interviews were completed in the participant’s home, or another place as requested by the 
participant. The nutrition interview used a semi-structured interview guide with the new food 
insecurity scale embedded in it.  
Within 24-hours of each interview, the interviewer created an interview summary in 
Microsoft Word® containing fieldnotes, emergent analytic themes, and reflections. While 
interview summaries were not formal qualitative analysis documents, the summaries highlighted 
the most salient aspects of the interview. Interviewers prepared summaries according to protocol, 
so that summaries were comparable. Instructions specified what information to include in the 
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header (e.g., date, time, location, sociodemographics). Sociodemographics included in each 
header were: race/ethnicity, number of children, occupation, supplemental (federal) programs, 
and perceived food security. Interviewers included fieldnotes that detailed the interview setting 
and environment, dynamics, tone, body language, and things that happened before, during and 
after the interview. Interviewers also narrated the interview, emphasizing the emergent themes, 
and incorporating their own reflections. 
Participants received $25 for each interview and $50 for the set of dietary recalls. 
Compensation was scaled to encourage retention, such that participants received $75 (for the 
survey and dietary recalls) at final interview. To promote retention, participants who completed 
the final interview were entered into a drawing for a $25 gift card to Walmart or Food Lion.  
Project staff developed and implemented a quality control procedure to minimize errors 
with survey data entry. For the qualitative data, a professional company transcribed interview 
audio-files, and translated Spanish-language interview transcripts into English. Project staff 
verified the accuracy of transcription and translation against interview audio-files, and made 
modifications when needed. Bilingual/bicultural staff verified the accuracy of the Spanish-
language transcripts and English-language translations. Interview transcripts (in English) were 
imported into NVivo qualitative data analysis software (QSR International Pty Ltd. Version 10, 
2012) and coded by trained project staff. The project developed a codebook, comprised of 
deductive and inductive codes. However, the coded interviews were not analyzed in this paper.  
Development of new food insecurity scale 
The new scale – named the Four Dimensional Food Insecurity Scale (4D-FIS) – was 
developed using recommended scale development procedures including: determining what to 
measure, generating an item pool, having initial item pool reviewed by experts, administering to 
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development sample, and evaluating the items (72). Prior research (8-10, 20, 25, 26, 73) and 
measures of food insecurity (including the USDA FSSM and Radimer/Cornell measures) (11, 
15) provided a theoretical basis for the assessing these four dimensions of food insecurity: (1) 
quantitative, (2) qualitative, (3) psychological, and (4) social. Figure 2.1 shows the theoretical 
framework for the 4D-FIS. Using Hamelin and colleague’s operationalization, the four 
dimensions represent shortage of food (quantitative), unsuitability of food and diet (qualitative), 
preoccupation with having access to enough food (psychological), and alienation (social) (25). 
While the FSSM originally was developed to assess the quantitative, qualitative, psychological 
and social dimensions of food insecurity, the items in the FSSM do not cover all aspects (3, 19, 
20, 23). For example, six of the 10 items in the adult version correspond to the quantitative 
dimension (3). The new scale aligns theoretically with the FSSM. However, the new scale 
represents an extension of the FSSM, because the new scale provides more coverage for the 
other, less severe dimensions of food insecurity: qualitative, psychological, and social. 
The 4D-FIS scale measures food insecurity at the individual (adult) level and not at the 
household level, because prior research has documented the importance of separating out 
individual-level experiences from the household-level (9). The individual-level was chosen 
because other important outcomes, such as dietary intake, were measured individually. The 
reference period is the last 30 days, because food insecurity experiences vary within a monthly 
period, and because a short time frame was needed to capture recent, salient experiences of food 
insecurity. The 4D-FIS is designed to be interviewer-administered to accommodate different 
literacy levels. Experiences of food insecurity can be difficult to verbalize, and interviewers 
offered participants the option to physically communicate their responses by pointing, as an 
alternative to verbally communicating their responses. The 4D-FIS is relatively short in length, 
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and there were 18 items originally included. As previously done in the development of the 
Radimer/Cornell scale (8, 10), food insecurity experts reviewed the scale to evaluate the content 
validity and provided feedback used to modify items. After additional revisions, the new scale 
was embedded in the nutrition interview and pre-tested. 
Measures 
Food insecurity was measured at the individual-level and retrospectively over the last 30 
days with two measures: 1) 4D-FIS (new scale for food insecurity), and 2) the FSSM adult scale 
(15). For the USDA FSSM, a raw scale score was calculated as the sum of affirmative responses, 
where responses of “yes”, “often,” “sometimes,” and “3 days or more” were considered 
affirmative (15). Using the USDA scoring protocol, the total number of affirmative responses 
was categorized as follows: 0 = High food security, 1-2 = Marginal food security, 3-5 = Low 
food security, and 6-10 = Very low food security (15). High and marginal food security were 
combined to form a food secure category; low and very low food security were combined to 
form a food insecure category (15). For the 4D-FIS, items were re-coded as affirmative 
responses, similar to the USDA’s approach, where responses of “often” and “sometimes” were 
considered affirmative. However, categorization was determined using a different approach, 
using a scoring protocol that was developed for this purpose (see section on scoring, below).  
Missing Data 
 Overall, there was very little missing data. Of the 112 participants who participated data 
collection, three women did not complete the 24-hour dietary recalls or survey and were 
excluded from this analysis. This analysis included 109 participants who completed the nutrition 
interview (including the food insecurity pilot scale), 24-hour dietary recalls, and a survey. For 
the food insecurity pilot scale, there was no missing data. Unfortunately, 24 participants (22%) 
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were missing responses for one variable in the USDA FSSM adult scale: “In the last 12 months, 
did you ever eat less than you felt you should because there wasn't enough money for food?” 
(15). To address the missingness, responses were imputed with single imputation using logistic 
regression with covariates, which is suitable for imputing a binary variable (86). 
Confirmatory factor analysis 
Prior to completing the confirmatory factor analysis, item distribution and correlations 
between items were examined (72). Appendix 4.1 shows the distributions for the original 4D-
FIS items. Two items had very small, negative correlations with other items (“How often did you 
eat plenty of healthy foods because there was enough food?” and “How often did you eat a wide 
variety of foods in the same meal because there was enough food?”) Even after being reverse 
coded, the items did not perform well. These two items were removed from the scale and 
subsequent analyses. Remaining analyses and results refer to the 16 items that were kept in the 
scale (see Figure 4.1). 
 To determine if the hypothesized four-factor scale fit the actual data, a confirmatory 
factor analysis was completed using Mplus® software, version 7.4 (Muthén and Muthén, Los 
Angeles, CA). Hypothesized relationships between the four factors and 16 indicators were 
modeled as shown in Figure 2.2. Each factor represented one dimension of food insecurity, and 
indicators were the measurement items. The specified model allowed for correlated factors. No 
other theoretically plausible models were tested because the theoretical framework determined 
the model. All indicators were measured categorically, and re-coded as binary variables to 
represent affirmative responses. The factor estimation method was mean- and variance-adjusted 
weighted least squares, which is appropriate for binary variables (87). There was no post-hoc 
model modification. The following three indicators were used to evaluate if the data fit the 
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hypothesized model: χ2 goodness of fit statistic, root mean square error of approximation 
(RMSEA), and comparative fit index (CFI) (87). Cutoffs for the χ2 statistic and fit indices were 
established as: p > 0.05 (or χ2:df of less than 3:1), RMSEA < 0.06, and CFI > 0.95) (87). We also 
evaluated the model by examining the magnitude of factor loadings and the factor-to-factor 
correlations (87). 
Internal consistency  
Cronbach’s alpha is the most commonly reported coefficient to evaluate internal 
consistency (or the extent that responses are consistent across indicators in a scale) (72), and 
recommended in seminal scale development (72). We calculate Cronbach’s alpha for each 
subscale and the overall scale.  
Scoring protocol for 4D-FIS 
The qualitative data (from the nutrition interview summaries) were used as a foundation 
for developing the scoring protocol. Nutrition interviews reflected nuances in the women’s 
experiences of food insecurity, and we analyzed the summaries from the nutrition in-depth 
interviews. Given that the 4D-FIS was designed to more fully capture experiences, it was 
expected that the new scale would categorize participants in a similar way to how participants 
described themselves in the qualitative data. Compared to the USDA FFSM, the 4D-FIS defined 
three conceptual categories (food secure, mildly food insecure, and severely food insecure) (15), 
but used a different approach to determine severity. The USDA protocol, defines a person as 
food secure based on reporting one or two affirmative responses to the 10-item scale (15). The 
4D-FIS defined a person reporting no affirmative responses as food secure, and a person 
reporting any affirmative response as food insecure, as recommended by others studying food 
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insecurity (10, 11). In addition, the USDA determines severity based on the total number of 
affirmative responses (the greater the number affirmative responses, the greater the severity of 
food insecurity) (15). Previous research has suggested a progression of concerns leading to more 
severe food insecurity: worrying about food is one of the earliest indicators, and as food 
insecurity intensifies, there are reductions in diet quality, and then in food intake (10). This 
research thus suggests that affirmative response to the quantitative subscale would indicate more 
severe food insecurity than an affirmative response to one of the non-quantitative subscales (the 
qualitative, psychological, and social).  
The scoring protocol for the 4D-FIS was informed by qualitative data and developed 
through a two-step process. First, we created a three-category food insecurity status variable 
(food secure, mildly food insecure, or severely food insecurity) by analyzing qualitative data 
from the nutrition interview summaries. Previously, Frongillo and colleagues categorized 
household food insecurity status based on the preponderance of information (70). A similar 
approach was used in this study. The lead author systematically read all interview summaries 
(n=109). Summaries varied in length; most were about five single-spaced pages, with some 
summaries exceeding 10 pages. While reading, the lead author recorded observations about 
participants’ experiences related to food security, such as eating only once during the day, eating 
meager foods (like bologna sandwiches, hot dogs, or cold cereal), and feeling frustrated, stressed, 
and left out due to constraints on food choices. Based on this, the lead author categorized 
participants as food secure, mildly food insecure, or severely food insecure, and also documented 
contextual information (e.g., interview environment, inter-personal dynamics, tone) needed to 
interpret the data. Then, summaries were reread to ensure that categorization was consistent. 
Exemplar cases were identified for each category. 
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Second, we based the scoring of the 4D-FIS on the qualitative categorizations. We 
created an indicator variable for the qualitative categorizations, and we created variables for the 
four subscales in the 4D-FIS. The subscale score was the sum of 4D-FIS indicators within each 
dimension. Within each category (food secure, mildly food insecure, and severely food insecure), 
we examined the pattern of subscale responses from the 4D-FIS, including exemplar cases. Cut-
offs were determined by the subscale responses within each category. The scoring protocol used 
data from 100 participants with valid data for the new food insecurity scale. Nine participants 
were excluded because the interviewer documented that the new food insecurity scale data were 
inconsistent (n=3) or understated (n=6) compared to the rest of the interview. Figure 4.2 
presents the scoring protocol to categorize food insecurity status with the 4D-FIS. This protocol 
was applied to categorize all participants (n=109) as food secure, mildly food insecure, or 
severely food insecure. We calculated descriptive statistics for the 4D-FIS components for the 
full sample, and by food insecurity status based on the qualitative categorizations. 
Concordance analysis 
Agreement and concordance between the 4D-FIS and USDA FSSM adult scales was 
assessed using SAS® software (Version 9.4 of the SAS System for Windows Copyright © 2002-
2012 SAS Institute Inc., Cary, NC, USA). The SAS software procedure proc freq with the agree 
option was used to calculate Cohen’s simple and weighted kappa (κ) statistics (136, 137). With 
numeric and ordinal responses, such as on a scale, it is recommended to use Kendall’s coefficient 
of concordance along with kappa t as a measure of agreement. The SAS Software macro 
magree.sas was used to evaluate agreement for each food insecurity category and overall with 
kappa, and to evaluate concordance with Kendall’s coefficient of concordance. Analysis used 
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binary (food secure, food insecure) and categorical categorizations (food secure, mildly food 
insecure, severely food insecure). 
Results 
Sample characteristics of the women are shown in Table 4.1. Participants were mostly 
young and middle-aged women, with the majority between 31-50 years old (60%). The mean age 
was 37 years (range: 23 - 72 years). Women represented diverse/racial groups: 33% Caucasian, 
43% African American, and 23% Latino. Fifty-one percent (n=56) of participants experienced 
financial struggles in the past year (e.g., not being able to pay rent, gas, or electricity), and sixty-
five percent (n=71) expected at least a little hardship in the future. Roughly two-thirds of 
households were current SNAP (Supplemental Nutrition Assistance Program) participants.  
The four-factor model has good overall model fit using the three indices: χ2 test p-value > 
0.05, RMSEA < 0.06, and CFI > 0.95. The four-factor model fit the data reasonably well for all 
indicators: χ2 test p > 0.05 (χ2 =94.4, df=98, p= 0.6) and χ2:df ratio less than 3:1 (1:1); RMSEA 
<0.06 and 90% CI lower limit near zero and upper limit below 0.08 (0.00, 90% CI: 0.00, 0.05); 
CFI = 1.0. Unstandardized factor loadings range from 0.76 to 1.2, and standardized factor 
loadings range from 0.72 to 0.98 (Table 4.2). Each factor has statistically significant associations 
with hypothesized items, and relatively large magnitudes indicate stronger associations between 
the factor and item (87). The model explains >50% of variance for each indicator. Correlations 
between factors range from 0.38 to 0.83 (Table 4.3). The highest correlation is between the 
psychological and the qualitative subscales; the lowest correlation is between the quantitative 
and the social subscales. For all factors, there are positive relationships, meaning that participants 
who reported more experiences in one dimension also reported more experiences in another 
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dimension. No indicators have negative residual variances. Appendix 4.1 shows the distribution 
of 4D-FIS items.  
 Recently there has been some controversy regarding the value of Cronbach’s alpha for 
evaluating a scale (138), and Cronbach’s alpha for the subscales and overall scale are presented 
in Appendix 4.2. Internal consistency for subscales range from 0.69 (quantitative) to 0.91 
(psychological). Generally others recommend values  > 0.70 (72), which indicates the set of 
indicators within each subscale were closely related.  
By design, the 4D-FIS has more agreement with the qualitative data in categorizing food 
insecurity than the FSSM adult scale. Results for agreement between each food insecurity scale 
and the qualitative categorizations are shown in Appendix 4.3. 
On average, participants categorized as mildly food-insecure (n=46), based on the 
qualitative data, reported about two total affirmative responses across all subscales (mean (SD) = 
2.0 (2.3)), with close to one affirmative response to the qualitative (mean (SD) = 0.72 (0.96)) and 
social (mean (SD) = 0.74 (1.1)) subscales. Participants categorized as mildly food-insecure 
reported almost no affirmative response to the quantitative (mean (SD) = 0.15 (0.36)) or 
psychological (mean (SD) = 0.37 (0.88)) subscales. This was a different pattern of responses 
compared to those categorized as severely food-insecure with the qualitative data, who reported a 
noticeably larger number of affirmative responses across all subscales (mean (SD) = 7.3 (4.2)). 
On average, participants categorized as severely food-insecure with the qualitative data (n=43) 
reported at least two affirmative responses to the qualitative (mean (SD) = 2.5 (1.9)) and social 
(mean (SD) = 2.1 (1.4)) subscales, and reported close to two affirmative responses to the 
psychological subscale (mean (SD) = 1.8 (1.3)). The severely food-insecure participants on 
average reported about one affirmative response to the quantitative subscale (mean (SD) = 0.91 
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(1.1)). Descriptive statistics for the 4D-FIS subscale and scale scores are shown in Appendix 4.4 
and Appendix 4.5.  
Agreement and concordance between the 4D-FIS and USDA scale 
 Categorization of food insecurity status is shown in Table 4.4. Using the 4D-FIS, 32% 
(n=35) of participants were considered food secure, 39% (n=42) were considered mildly food 
insecure, and 29% (n=32) were considered severely food insecure. Using the USDA scale, 61% 
percent of the sample was classified as food secure (technically labeled by the USDA as having 
high food security), 25% was classified as mildly food insecure (with low food security), and 
15% was classified as severely food insecure (with very low food security).  
Table 4.5 presents the agreement between the 4D-FIS and FSSM scales using a three-
level categorization. We interpreted agreement with established benchmarks, such as a κ between 
0.2 and 0.4 representing fair agreement (136). There is fair agreement between the 4D-FIS and 
the FSSM scales (overall κ = 0.31, p < 0.0001), meaning that there is higher agreement than 
could be expected due to chance. Kendall’s coefficient of concordance was 0.81 (F = 4.3, 
numerator df = 107, denominator df = 107, and p < 0.0001), which indicates a positive 
association and concordance between the two scales. However, the agreement is not the same for 
each category of food insecurity. There is fair agreement for the food secure category (κ =0.35, p 
= 0.0001), slight agreement for the mildly food insecure category (κ = 0.13, p = 0.09), and 
moderate agreement for the severely food insecure category (κ = 0.47, p < 0.0001) (136). The 
non-statistically significant kappa for the mildly food insecure category means that the 
agreement was not more than could be expected due to chance. Using a binary categorization, 
agreement was fair, and Kendall’s coefficient of concordance is 0.74 (F = 2.8, numerator df = 
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107, denominator df = 107, and p < 0.0001), indicating a positive association and concordance 
between the two scales. 
Discussion 
The multi-dimensional model of food insecurity was consistent with the data from a 
sample of low-income women in the VIA Project. Indicators of model fit support the 
hypothesized, four-factor structure. Factor loadings were relatively high (greater than 0.7), which 
indicated a strong association of the factor with the observed variable. Moreover, correlations 
between factors ranged from 0.4 to 0.8. Because the correlations between factors are not 
excessively high (per Kline, defined as < 0.9 (87)), our results suggest that the factors were 
distinct. This pattern of results (factor loadings and inter-factor correlations) provides 
preliminary evidence for the convergent and discriminant validity of the 4D-FIS (87). The 4D-
FIS applies the same conceptual categories as the USDA scale to categorize participants as food 
secure, mildly food insecure, and severely food insecure. Compared to the USDA scale, the new 
scale identifies more participants as food insecure (combination of mildly and severely food 
insecure). Qualitative categorizations affirm that the 4D-FIS more fully capture the range of 
experiences of food insecurity, compared to the USDA scale.  
Differences in categorization can be explained by differences in how the scales 
determined severity. With the 4D-FIS, being food insecure was defined as reporting any 
affirmative response. This approach is more consistent with the USDA’s broad definition of food 
insecurity as lacking food security (2). Previous studies recommend defining food insecurity as 
an affirmative response to any questionnaire item (10, 11). In addition, unlike the USDA scale, 
the 4D-FIS does not treat all affirmative responses the same; affirmative responses to the 
quantitative subscale are considered to be more severe than affirmative responses to the 
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qualitative, psychological and social subscales. Conversely, the USDA FSSM’s approach to 
categorizing treats all affirmative responses the same, defines food secure as responding 
affirmatively to two or fewer items, and food insecure as responding affirmatively to three or 
more items (in the adult, or 18-item scale household scales) (15, 17), which can underestimate 
the problem of food insecurity (22-24). The household version of the FSSM is also used in 
Canada, but in Canada, the cut-off for defining food insecurity is lower than in the US (21). 
Findings from the concordance analysis suggest that the two scales had some agreement. 
Comparing kappa coefficients, agreement is moderate at best (kappa 0.4-0.6 (136)). However, 
for the three-level categorization, the agreement differed by category. There is more agreement 
for the more extreme category (severely food insecure), and less agreement for the middle 
category (mildly food insecure).  
The 4D-FIS provides more even coverage of the four dimensions of food insecurity 
compared to the FSSM. Results from this study show that the 4D-FIS reflects the multi-
dimensional nature and the progression of food insecurity, from less severe experiences (as 
measured in the qualitative and social subscales), to more severe experiences (as measured in the 
quantitative subscale). This finding is by design. The 4D-FIS was designed to include items 
representing the quantitative, qualitative, psychological and social dimensions of food insecurity, 
and the scoring protocol considers affirmative responses to the quantitative subscale as the most 
severe. However, our findings did not demonstrate that uncertainty about access to enough food 
(as measured in the psychological subscale) was indicative of less severe food insecurity. Rather, 
we observe that unsuitability of food/diet and alienation (as measured in the qualitative and 
social subscales, respectively) are indicators of less severe food insecurity. When food insecurity 
was more severe, participants reported an increased number of affirmative responses to the 
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qualitative and social subscales, and additionally reported affirmative responses to the 
quantitative (most severe) and psychological subscales. Taken together, this study finds support 
that the 4D-FIS captured more of a full range of food insecurity experiences, from subtle to more 
severe, compared to the FSSM adult scale. 
This study has a small sample size that was lower than the typically recommended 
sample of 200 people for confirmatory factor analysis as part of scale development (72, 87). 
However, the sample size is non-modifiable, and other scale development projects have been 
completed with samples sizes less than 200 (10, 139). Additionally, there are advantages related 
to the sample. The sample includes racially/ethnically diverse, low-income women from rural 
and urban areas of North Carolina, who represent the target population of women at risk of food 
insecurity (e.g., low-income, women of color, households with children) (2). While the 
evaluations of model fit support the hypothesized model, data cannot confirm or prove that the 
multi-dimensional model was correct. Results from this project cannot be generalized to all low-
income populations; the new scale’s items should be tested and evaluated in other contexts. 
Conclusions 
 In conclusion, in this project, we developed and evaluated a new scale, the Four 
Dimensional Food Insecurity Scale (4D-FIS), for measuring individual-level food insecurity in a 
sample of low-income women. Emerging research finds that food insecurity is a stronger 
indicator of lower subjective well-being and poor physical health, compared to other explanatory 
variables in a large global sample (2014 Gallup World Poll) (40). The 4D-FIS can be used to 
advance our understanding of how food insecurity relates to health and well-being. Findings 
from our study also have implications for obesity research. Parker and colleagues’ study found a 
negative association between less severe food insecurity and metabolic syndrome in adults, and 
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suggested different mechanisms based on food insecurity severity (42). Applying the 4D-FIS to 
identify and categorize food insecurity has implications for understanding obesity among 
women, given that there has been more consistent evidence for the association between food 
insecurity and weight status for women, but not for men (43). Lastly, and most importantly, 
having a tool that captures less severe experiences of food insecurity is important because having 
enough food is human rights issue. The 4D-FIS can help identify underserved populations, 
whose needs for adequate food are not as obvious, and support expansion or development of 
programs and interventions that mitigate food insecurity.    
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 Figure 4.1. The Four Dimensional Food Insecurity Scale (4D-FIS) 
The next few questions cover different kinds of situations you might have experienced. 
These are situations that you might have experienced in the last 30 days because you 
didn’t have enough food. There may have been other times you experienced these 
situations for other reasons but we’re not focusing on those now. You can tell me your 
response out loud, or show me (point to) which response option best fits your experience. 
 
During the last 30 days,… 
How often did you not have enough food? a,b 
What does it mean to you to "run out of food”? a,c 
Quantitativea 
1. How often did you eat something small or a snack instead of eating a full meal 
because there was not enough food? 
2. How often did your stomach ache, cramp, or feel uneasy because you needed to eat 
but there was not enough food? 
3. How often did you go to bed feeling hungry because you needed to eat but there was 
not enough food? 
Qualitativea 
4. How often did you eat very little of the foods you thought were important, because 
there was not enough food? 
5. How often did you eat very little foods you preferred to eat because there was not 
enough food? 
6. How often did you eat only canned foods, boxed foods, or packaged foods for 
several days in a row because there was not enough food? 
7. How often did you eat the same foods or meals over and over again because there 
was not enough food? 
8. How often did you have a main meal without meat because there was not enough 
food? 
9. How often did you eat foods that were bruised, moldy, or looked unsafe to eat 
because there was not enough food? 
Psychologicala 
10. How often did you worry that you would not have enough food for that night or the 
next night? 
11. How often did you worry that you would not have enough food next week or the 
week after that? 
12. How often did you feel anxious or stressed because you did not know how you 
would get enough food? 
Sociald 
13. I felt that I had little control over my food situation 
14. It’s not fair that some people can have all the food they need and I cannot have the 
food I need. 
15. I felt embarrassed or hid my food situation from others. 
16. I felt different from other people because I could not get enough food. 
How would you describe your food situation compared to other people around you? 




aItem not part of the Four Dimensional Food Insecurity Scale (4D-FIS) 
bResponse options: often, sometimes, rarely, and never 
cResponse options: I had no food at home, I have no meat, I have no meat and no canned 
goods or other packaged foods, I have fruits or vegetables, I do not have what I need to 
make a simple dish, I do not have the food I need to eat healthy, Other (participant’s own 
words). 
dResponse options: agree a lot, agree a little, disagree a lot, and disagree a little. 
eResponse options: I usually had more food than they did, We had about the same amount 
of food, and They usually had more food than me. 
 
This scale was developed and evaluated for this dissertation project, and includes items to assess 
each of the four dimensions of food insecurity: quantitative, qualitative, psychological and 
social. The interviewer had response cards for each set of questions. For all items, there were two 
blinded responses: don’t know and refused. There were three items that were not part of the 




Figure 4.2. Scoring protocol for 4D-FIS 
 
This protocol was based on qualitative data (from the same participants) and responses to the 
4D-FIS. Qualitative data were used to categorize food insecurity participants as food secure, 
mildly food insecure and severely food insecure. Within each category, we identified patterns of 
affirmative responses to the subscales, and the patterns were used to develop cut-offs for each 
category. Responses of “often” and “sometimes” were counted as affirmative responses. 
Affirmative responses to the quantitative subscale were counted as more severe than affirmative 





Table 4.1. Sample characteristics for sample of female caregivers living in NC (n=109) 
 
Characteristic n (%) 
Age (years), mean (SD) 37 (9.6) 
Age (categorical)  
Under 30 years 33 (30%) 
31-50 years 65 (60%) 
51 years and older 11 (10%) 
Race/ethnicity  
Caucasian 36 (33%) 
African American 47 (43%) 
Latino 25 (23%) 
More than one race/ethnicity 1 (1%) 
Expecting hardship in the next two months  
“Not at all” 38 (35%) 
 At least “a little” 71 (65%) 
Could not pay bills in past 12 months  
No 53 (49%) 
Yes 56 (51%) 
Household composition, mean (SD)  
Number of adults  2.2 (1.0) 
Number of children < 18 yr 2.3 (1.0) 
Household member participating in SNAP  
No 35 (32%) 
Yes 74 (68%) 
Household member working for wages  
No 17 (16%) 
Yes 92 (84%) 
 
Data are from one year of a prospective, observational project with female caregivers living in 
rural and urban areas of NC, and those who completed interviews, surveys and 24-hour dietary 




Table 4.2. Unstandardized and standardized factor-item loadings and standard errors for the four-
factor model of food insecurity 
 















Item 1 Small 1.0 (0.00)    0.68 
Item 2 Ache 1.2a (0.12)    0.96 
Item 3 Hungry 1.1a (0.13)    0.86 
Item 4 Important  1.0 (0.00)   0.83 
Item 5 Prefer  0.94a (0.074)   0.73 
Item 6 Canned  0.80a (0.095)   0.53 
Item 7 Same  1.0a (0.069)   0.84 
Item 8 No meat  0.81a (0.099)   0.54 
Item 9 Unsafe  0.80a (0.15)   0.52 
Item 10 Current   1.0 (0.00)  0.93 
Item 11 Future   1.0a (0.029)  0.96 
Item 12 Anxious   1.0a (0.029)  0.95 
Item 13 Control    1.0 (0.00) 0.76 
Item 14 Fair    0.78a (0.15) 0.46 
Item 15 Shame    1.1a (0.15) 0.84 
Item 16 Different    1.1a (0.15) 0.92 















Item 1 Small 0.82a (0.070)    0.68 
Item 2 Ache 0.98a (0.057)    0.96 
Item 3 Hungry 0.93a (0.072)    0.86 
Item 4 Important  0.91a (0.050)   0.83 
Item 5 Prefer  0.85a (0.054)   0.73 
Item 6 Canned  0.73a (0.089)   0.53 
Item 7 Same  0.92a (0.045)   0.84 
Item 8 No meat  0.74a (0.084)   0.54 
Item 9 Unsafe  0.72a (0.13)   0.52 
Item 10 Current   0.97a (0.023)  0.93 
Item 11 Future   0.98a (0.018)  0.96 
Item 12 Anxious   0.98a (0.021)  0.95 
Item 13 Control    0.87a (0.11) 0.76 
Item 14 Fair    0.68a(0.11) 0.46 
Item 15 Shame    0.92a (0.050) 0.84 
Item 16 Different    0.96a (0.044) 0.92 
 
Factor loadings and standard errors were from the confirmatory factor analysis. Indicators 
represent the 16 measurement items included in the 4D-FIS.  
 
ap < 0.05 
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Table 4.3. Estimated factor-factor correlations for the four-factor model of food insecurity 
 
Factor Quantitative Qualitative Psychological Social 
Quantitative -    
Qualitative 0.70 -   
Psychological 0.70 0.83 -  
Social 0.38 0.47 0.61 - 
 
The four factors represent the multiple dimensions of food insecurity assessed in the 4D-FIS. 
Factors were continuous variables, and correlations were Pearson’s correlations. For all 







Table 4.4. Food insecurity status (three-level categorical variable) using the 4D-FIS and the 
FSSM adult scale 
 
 FSSM    







Not food insecure 33 1 1 35 
Mildly food insecure 27 14 1 42 
Severely food insecure 6 12 14 32 
Total 66 27 16 109 
 
Categorization was done according to each scale’s protocol to categorize severity of food 








Table 4.5. Agreement in three-level categorization between the 4D-FIS and the FSSM scale 
 
Food insecurity status κ ASE z p 
Food secure 0.35 0.096 3.7 0.0001 
Mildly food insecure  0.13 0.096 1.4 0.09 
Severely food insecure  0.47 0.096 4.9 <0.0001 
Overall 0.31 0.069 4.5 <0.0001 
 
Categorization was done according to each scale’s protocol to categorize severity of food 
insecurity. The USDA scale labels the three categories shown as: high and marginal food 
security, low food security, and very low food security, where high and marginal food security 
are considered food secure, and low and very low food security are food insecure (15). The 
overall κ assumes a common κ among strata. Suggested benchmarks for interpreting κ 
coefficients are: κ<0 poor, 0-0.2 slight, 0.2-0.4 fair, 0.4-0.6 moderate, 0.6-0.8 substantial, and 
0.8-1 almost perfect (136). A non-significant p (p > 0.05) indicates that the agreement was not 







CHAPTER 5. EXPLORING THE IMPLICATIONS OF FOOD INSECURITY 
CATEGORIZATION USING TWO DIFFERENT MEASURES 
Overview 
Food insecurity has important implications for nutrition and health. However, our 
understanding how food insecurity relates to nutrition and health outcomes depends on food 
insecurity measurement. Previously, we developed and evaluated a new scale, the Four 
Dimensional Food Insecurity Scale (4D-FIS) for categorizing severity of food insecurity in a 
low-income population. This study’s purpose was to explore reasons for categorization 
differences in two food insecurity scales, and implications for examining associations of food 
insecurity with correlates of interest such as depressive symptoms, perceived stress, body mass 
index, and overall dietary quality. Cross sectional data came from a prospective project of low-
income female caregivers living in North Carolina (n=109). Participants completed in-depth 
interviews, anthropometrics, dietary recalls, and surveys. Previously, we assessed food insecurity 
status using two measures: 1) the 4D-FIS and 2) the FSSM adult scale, and categorized food 
insecurity status as food secure, mildly food insecure, and severely food insecure. We examined 
agreement using a binary agreement variable. In this study, we examined agreement between the 
two scales by sociodemographic characteristics using ANOVA, and determined associations of 
food insecurity with correlates of interest (e.g., overall dietary quality) using multivariable 
regression. There were very few sociodemographic characteristics related to agreement. Results 
showed that total hours worked was the only sociodemographic characteristic that was 







categorization. With both scales, food insecurity was associated with more perceived stress, 
more depressive symptoms, higher body mass index, and lower overall dietary quality. The 
directions of the associations were the same using both measures, but the magnitudes differed for 
the health correlates. The 4D-FIS and FSSM scales produced particularly different estimates for 
the association of food insecurity severity with BMI and overall dietary quality. Findings are 
likely attributed to the 4D-FIS capturing less severe experiences of food insecurity, while the 
FSSM focuses on more severe experiences. Results have implications because less severe 
experiences might be more important for understanding how food insecurity relates to cardio-
metabolic health. Community-based research projects and health promotion programs can use 
results from this study to gain new insights regarding how food insecurity relates to health 
correlates.  
Introduction 
Food insecurity, or having limited or uncertain access to adequate food (2), has been 
associated with adverse cardio-metabolic health (41, 42) and with poor mental health (41, 42). 
There is more evidence for these associations in women compared to men (43). This is especially 
true for the association of food insecurity with weight or obesity measures (44-46). While the 
exact mechanism linking food insecurity to adverse health is unknown, research suggests that the 
mechanism depends on severity of food insecurity (42). Severity matters because when people 
experience less severe food insecurity, there may be reductions in the quality of foods and diet 
(42). Lower-quality foods (e.g., foods of lower nutritional value) are often substituted for higher-
quality foods because lower-quality foods tend to cost less (53, 54). Dietary quality is considered 
an important factor in obesity-related health disparities (55-57). Lower dietary quality is 







severe food insecurity can also be experienced psychologically, such as worrying about 
accessing enough food (9, 10). But, as food insecurity worsens, there may be dramatic decreases 
in the quantity of food (or total energy), which can mask the obesogenic affect of lower dietary 
quality (42). This emphasizes the need to assess less and more severe aspects of food insecurity 
for understanding how food insecurity relates to health.  
This study’s purpose is to explore categorization differences between the two food insecurity 
scales and consider implications for examining associations of food insecurity with health 
correlates, including perceived stress, depressive symptoms, BMI, and overall dietary quality. 
Methods 
We use the same dataset in this study as for the previous study (aim 2), and present 
abbreviated methods. More detailed methods are in Chapters 2 and 3. Cross-sectional data are 
from one round of data collection from a prospective, mixed methods project completed in North 
Carolina (USDA #2011-68001-30103). The Voices into Action: The Families, Food and Health 
Project (VIA Project) engaged low-income families in research and outreach activities related to 
eating and physical activity. Participants were 109 female caregivers living in two rural counties 
(Harnett and Lee Counties) and one urban area (Southeast Raleigh) of NC. 
Data collection included three interviews, anthropometrics, and dietary recalls. Interviews 
were conducted at the participant’s home. The first interview focused on broad health influences; 
the second interview focused on nutrition and topics related to food insecurity; and the third 
interview was an interviewer-administered survey. The first two interviews were in-depth 
interviews, conducted with interview guides, audio-recorded and transcribed. Anthropometrics 
were assessed during the second interview. The survey was interview-administered. Trained staff 







Participants were compensated for their participation with $25 for each of the three interviews 
and $50 for the set of dietary recalls. Compensation was scaled to encourage retention. The VIA 
Project was approved by the NCSU IRB, and this study was approved by UNC IRB.  
Individual-level food insecurity was measured retrospectively (over the past 30 days) 
using two different scales: 1) the 4D-FIS (Figure 4.1), which was developed by the lead author 
(CJ) and 2) the FSSM 10-item adult scale (15). For the 4D-FIS, responses of “often,” 
“sometimes,” were coded as affirmative responses, and then summed to determine food 
insecurity status as: food secure, mildly food insecure, and severely food insecure. The scoring 
protocol for the 4D-FIS is shown in Figure 4.2. The two food insecurity categories were 
collapsed into one category to create a binary variable. For the FSSM, FSSM item responses 
were categorized (per USDA protocol) to determine food insecurity status as a three-level 
categorical and binary variable (15). USDA categories of low and very low food security were 
used to define categories of mild and severely food insecure for this study.  
Each participant completed a set of three dietary recalls, which were completed between 
the second (nutrition) and third (survey) interviews. Trained project staff completed dietary 
recalls for three, non-consecutive days (two weekdays and one weekend day), using the multiple 
pass approach and dietary analysis software NDSR (47). Dietary assessment was done using 
telephone-administered, 24-hour dietary recalls. Participants were trained for the dietary recalls 
in advance, and given prompts to increase reporting accuracy. Project staff recorded dietary 
recall data electronically and then entered data into NDSR. Dietary recalls were audio recorded 
for quality control purposes. Project staff created and implemented a quality control procedure 







The following health correlates were included: perceived stress, depressive symptoms, 
body mass index (BMI), and overall dietary quality. Perceived stress and depressive symptoms 
were assessed in the interviewer-administered survey. Perceived stress is measured using 
Cohen’s Perceived Stress Scale (PSS), a valid, reliable measure for US adults (82). Depressive 
symptoms are measured using the Center for Epidemiological Studies Depression Scale (CES-
D), a valid, reliable measure for US adults (81). For perceived stress and depressive symptoms, 
the raw scale score is calculated per protocol. Trained staff obtained standing height and weight 
measurements according to recommended protocol (85); measurements were completed at the 
second (nutrition) interview. BMI in kg/m2 is calculated using measured height and weight. The 
HEI-2010 total score evaluates overall dietary quality. HEI-2010 component and total scores are 
calculated using the protocol for NDSR data (131) and SAS macros (legume allocation macro for 
HEI-2010, and the HEI-2010 scoring macro) (132, 133). All health correlates are continuous 
variables (perceived stress, depressive symptoms, BMI and overall dietary quality).  
Analysis 
Quantitative analyses are completed in SAS® software (version 9.4, SAS System for 
Windows Copyright © 2002-2012 SAS Institute Inc., Cary, NC, USA). Frequencies are 
calculated using the SAS® software proc freq. We use SAS software proc ANOVA with 
Bonferroni correction to determine which individual and household characteristics are related to 
categorization (differences in the mean of individual and household characteristics across 
different agreement groups). The individual and household characteristics include: race/ethnicity, 
age, employment (hours worked per week, where non-workers assigned value of 0), annual 







home, living with another wage-earner, annual household income, amount of household SNAP 
benefits.  
For the binary categorization, we create a new variable to indicate the pattern of 
agreement. There are four levels, representing two concordant and two discordant combinations. 
For example, one concordant combination represents when both scales categorize the participant 
as food secure. Because there are no significant differences in the two discordant groups for 
individual and household characteristics, and because there are only two people in one of the 
discordant categories, the agreement pattern variable is collapsed into a binary variable 
(agreement=0 and disagreement=1).  
In addition, we create an agreement pattern variable for the three-level categorization. 
Similar to the binary categorization, we create a pattern variable for the three-level categorization 
for the nine combinations. But, there are three groups with only one participant, and one group 
with only six participants, so the agreement pattern variable (for the three-level categorization) 
also is collapsed into a binary variable.  
To compare the associations of food insecurity with correlates of interest, we use the 
SAS® software procedure proc glm. We model each association of the food insecurity status 
(binary variable) with the correlate of interest for both food insecurity scales. Correlates of 
interest included: perceived stress, depressive symptoms, BMI, and overall dietary quality (as 
HEI-2010 total score). We determine the unadjusted association of food insecurity with each 












Participants were mostly young and middle aged women (average age = 37 years, IQR = 
14 years). Most participants worked part-time jobs and received some food assistance through 
the Supplemental Nutrition Assistance Program (SNAP) (average individual SNAP amount = 
$284, IQR =$500). The 2014 poverty guideline was $23,850 for household size of four people 
(140). Given that the average household size was about four people, the average household 
income represented roughly 75% of the poverty guideline (see Table 5.1). 
Categorization of food insecurity status 
 Results for categorization using a three-level variable (food secure, mildly food insecure, 
and severely food insecure) are presented in Chapter 4. Results for categorization using a binary 
variable (food secure and food insecure) are in Appendix 5.1.  
Sociodemographic characteristics associated with categorization 
Table 5.2 presents descriptive statistics for the sociodemographic characteristics by 
agreement for the three-level-categorization. Results show a pattern where individual and total 
(household) income from wages and hours worked are higher, and SNAP amount received was 
lower, when there was disagreement (compared to agreement in the two scales), but employment 
(total hours worked in household) was the only characteristic significantly associated with 
agreement. On average, the number of total hours worked by all household members was 125 
(SD=105) when the two scales agreed, compared to 160 (SD=128) when the two scales 
disagreed (F=4.51, p=0.04). Differences in agreement for sociodemographic characteristics with 







results. There are no statistically significant differences in means of sociodemographic 
characteristics by agreement. 
Associations of food insecurity status with health correlates 
Table 5.3 presents descriptive statistics for the health correlates by food insecurity status 
as determined by the two food insecurity scales, the 4D-FIS and the FSSM. Table 5.4 presents 
the unadjusted associations of food insecurity status (as a three-level categorical variable) with 
each health correlate: perceived stress, depressive symptoms, BMI, and overall dietary quality. 
Associations of food insecurity status with health correlates are statistically significant (p < 0.05) 
with perceived stress, depressive symptoms (for severely food insecure only, both scales), and 
overall dietary quality (for severely food insecure only, as measured by the FSSM scale).  The 
associations are in the same directions for both scales. Food insecurity is associated with higher 
perceived stress, higher depressive symptoms, higher BMI, and lower overall dietary quality.  
But, the magnitude of the association depends on the food insecurity measure. Generally, 
the FSSM produced larger magnitudes than associations determined with the 4D-FIS except for 
associations with BMI. Food insecurity status is not significantly associated with BMI using 
either scale, though the magnitude is much stronger when food insecurity was assessed using the 
4D-FIS compared to the FSSM scale (increase in BMI of 2.9 kg/m2 vs. 0.62 kg/m2 for severely 
food insecure category). Food insecurity also is significantly associated with overall dietary 
quality with the FSSM, but not the 4D-FIS. For both scales, more food insecure participants 
reported HEI-2010 total scores that were 3.8 to 4.7 points lower than less food secure 
participants.  
Appendix 5.3 presents the associations of food insecurity status (as a binary variable) 







insecurity status variable in that both scales show associations in the same directions. 
Associations of food insecurity status with perceived stress and depressive symptoms (with 
FSSM only) are statistically significant (p < 0.05). Magnitudes of associations are more similar 
for each association with perceived stress and depressive symptoms when using a binary 
categorization. The most noticeable difference between the two food insecurity scales is in the 
associations with BMI and overall dietary quality.  For example, using the 4D-FIS, food insecure 
participants had a BMI that was 2.9 kg/m2 higher than food secure participants; and using the 
FSSM, food insecure participants had a BMI That was 1.1 kg/m2 higher than food secure 
participants.  With overall dietary quality, food insecure participants had HEI-2010 total score 
that was 6.5 points lower than food secure participants when food insecurity is measured with 
FSSM; the difference for the 4D-FIS was 2.4 points lower.  
Discussion 
This study compares how two scales categorized severity of food insecurity and explores 
the reasons and implications of differences in categorizations. Income from individual and total 
wages and hours worked per month are higher, and the SNAP amount was lower, when there 
was disagreement between the two scales compared to when there was agreement. However, the 
only individual and household characteristic significantly associated with agreement in 
categorization is total hours worked by household members. Results suggest that it might be 
more difficult to assess food insecurity among lower-income households (but not strictly 
speaking poor/low-income households). Lower-income households may have wages that make 
them ineligible for federal food assistance programs, but still have unmet needs for food.  
Both scales provide evidence that food insecurity is associated with health correlates in 







depressive symptoms, higher BMI, and lower overall dietary quality. Prior studies have 
documented that food insecurity is associated with poor mental and physical health and sub-
optimal dietary intakes (43, 67). In that way, our findings are consistent with the literature.  
This study also provides new insights regarding the implications of food insecurity 
measurement. Both measures show associations in the same direction, that is, food insecurity is 
associated with more perceived stress, more depressive symptoms, higher BMI, and lower 
overall dietary quality. Generally, the associations with health correlates tend to be stronger 
when food insecurity status is measured using the FSSM compared to the 4D-FIS, with the 
exception of BMI. There are fewer differences between the two measures when using a binary 
compared to a categorical variable. The two measures produce even more similar estimates for 
the associations with perceived stress and depressive symptoms when using a binary 
categorization. Prior research emphasizes the importance of distinguishing between severity 
categories, particularly at lower severity (24), and these findings support using a three-level food 
insecurity categorization rather than a binary categorization. 
But, differences between the measures are most noticeable in the association with BMI. 
Unlike with other associations (larger magnitudes with the FSSM), the associations with BMI are 
larger with the 4D-FIS. The difference is most apparent for the severely food insecure category. 
For example, using the 4D-FIS, severely food insecure participants had a BMI that was 2.9 
kg/m2 higher compared to food secure participants; using the FSSM, the increase in BMI was 
0.62 kg/m2. It is worth noting that both scales showed practically meaningful associations of 
food insecurity with BMI (increases greater than 0.5 kg/m2 for more versus less food-insecure 







The FSSM is a broad tool for national surveillance and monitoring, and as such, the 
USDA applies a methodologically conservative approach for assessing and categorizing food 
insecurity to minimize the number of people categorized falsely as food insecure (19, 22). With 
the 4D-FIS, it is designed to capture a full range of food insecurity experiences from less to more 
severe. With the 4D-FIS, severity is determined using subscales reflecting four distinct aspects of 
food insecurity (quantitative, qualitative, psychological and social), and where the quantitative 
aspect is considered the most severe. Food secure is defined as responding affirmatively to none 
of the items, and food insecure is defined as responding affirmatively to at least one item, and 
based on responses to subscales. But, with the FSSM scale, severity is determined by the total 
number of items, such that the greater the number of affirmative responses, the greater the 
severity; all affirmative responses are treated the same; food secure is defined as responding 
affirmatively to fewer than two items (15). The severity categories are defined differently to 
accommodate a different purpose. 
The 4D-FIS is designed to assess a wide range of experiences, including less severe 
experiences (related to the qualitative, psychosocial and social aspects of food insecurity) that are 
under-assessed in the FSSM. Thus, it might be expected that the magnitude of each association 
would be weaker when determining food insecurity with the 4D-FIS compared to the FSSM. 
However, this was not the case for the association of food insecurity status with BMI. This is 
likely due to the 4D-FIS capturing more subtle experiences of food insecurity that are relevant to 
weight. Prior research has shown that less severe experiences of food insecurity are related to 
adverse cardio-metabolic outcomes (24, 42). It might be that by more fully assessing qualitative, 
psychological and social aspects of food insecurity, we can better estimate the relationship 







cardio-metabolic health conditions, such as diabetes, obesity, and metabolic syndrome. 
Previously, evidence relating food insecurity to weight gain or obesity has been inconsistent for 
adults, though there is more consistent evidence linking food insecurity to weight and obesity in 
women compared to men (43). Researchers suggest that this is related to the intersection of 
gender and poverty that puts women with children at increased risk of being food insecure, 
gaining weight, and experiencing stress and depression (46, 47). This study’s results suggest that 
this alternative measure (the 4D-FIS) might do a better job reflecting less severe experiences that 
are more relevant for understanding cardio-metabolic health compared to the FSSM.  
The current study is not without limitations. Data came from an existing cohort of low-
income mothers from North Carolina (n=109). While the sample was advantageous in terms of 
including different subgroups (rural/urban, race/ethnically diverse), there were not enough 
people across strata to complete additional analyses. We were not able to analyze differences in 
categorization using the four concordance groups because some cell sizes were small (less than 
10 in one group). Results are relevant to mostly rural populations of low-income mothers, and 
not necessarily generalizable to all low-income mothers. This study examined associations of 
food insecurity with correlates (e.g., dietary quality, stress, depressive symptoms, obesity), and 
we cannot speculate on causality.  
Results from this study have implications for community-based research projects and 
programs or interventions needing to identify people experiencing food insecurity to any extent, 
and better understand how food insecurity relates to health correlates. While the 4D-FIS is still 
new, and should be applied and evaluated in other contexts, preliminary results suggest that it 
captures different aspects of food insecurity compared to the FSSM scale. Given that the 4D-FIS 







valuable for identifying those who have less obvious needs for food, who are technically 
described as marginally food secure according to the USDA. In addition, applications focused on 
one outcome, such as overall dietary quality or BMI, might select one food insecure 







Table 5.1. Descriptive statistics for sociodemographic and health characteristics for sample of 
female caregivers living in NC (n=109) 
 
Sociodemographic characteristics Median Mean 
 
SD 
Household    
Total income from wages ($/month) $1300 $1492 $1354 
Total hours worked (hours/month) 144 136 114 
Total SNAP amount ($/month) $316 $296 $263 
Adults in household (n) 2 2.2 1.0 
Children < 18 years in household (n) 2 2.3 1.0 
Individual    
Age (years) 35 37 10 
Individual income from wages ($/month) $900 $1014 $939 
Individual hours worked (hours/month) 100 97 73 
Individual SNAP amount ($/month) $306 $284 $252 
Depressive symptoms (total score)a 18 18.9 6.9 
Perceived stress symptoms (total score)b 15 14.8 8.3 
Body mass index (BMI, kg/m2)c 31.4 33.0 8.7 
Overall dietary quality (HEI-2010 total score)d 47.2 50.5 17.0 
 
There were some missing data for individual and household characteristics: individual income 
(missing n=3), individual hours worked (n=3), individual SNAP (missing n=1), household 
SNAP (missing n=1), BMI (missing n=1), and depressive symptoms (missing n=1). 
 
aCenter for Epidemiologic Studies-Depression Scale, ranges from 0-60. Higher scores indicate 
more depressive symptoms. A score of > 16 indicates individual at risk for clinical depression 
(81). 
bCohen’s perceived stress scale, ranges from 0-40. Higher scores indicate more stress. A score of  
> 20 indicates high stress (82). 
cCalculated using measured weight (kilograms) and height (meters). The CDC recommends the 
following categorizations of weight status: 18.5 < BMI < 25 normal, 25 < BMI < 30 overweight, 
BMI > 30 obese (84). Among the 108 participants with BMI data, 17.6% were normal weight, 
27.8% were overweight, and 54.6% were obese. 
dHealthy Eating Index-2010 total score, ranges from 0-100 (66). Using National Health and 
Nutrition Examination Survey, 2011-2012, the average HEI-2010 total score for adults 18-64 







Table 5.2. Differences in sociodemographic characteristics by agreement  
 
Agree Disagree 
Sociodemographic characteristics Mean SD Mean SD F value p 
Household income from wages ($/month) 1452 1380 1575 1315 0.39 0.5 
Household hours worked (hours/month) 125 105 160 128 4.51 0.04a 
Household SNAP amount ($/month) 315 266 258 256 1.22 0.3 
Number of adults in household 2.22 0.97 2.03 0.95 0.01 0.9 
Number of children < 18 years in 
household 2.26 1.01 2.43 1.09 0.32 0.6 
Age (years) 37 10 37 10 0 1.0 
Individual income from wages ($/month) 967 891 1073 1002 0.34 0.6 
Individual hours worked (hours/month) 88 68 110 80 2.22 0.1 
Individual SNAP amount ($/month) 313 257 249 245 1.71 0.2 
 
Data come from one round of prospective study completed with female caregivers living in rural 
and urban areas of North Carolina (n=109). Differences in means are tested with one-way 
ANOVA. There are some missing data for individual and household characteristics: individual 
income (missing n=3), individual hours worked (n=3), individual SNAP (missing n=1), and 
household SNAP (missing n=1). Agreement in food insecurity categorization was done with a 










Table 5.3. Descriptive statistics for health correlates by food insecurity status  
 
One-way ANOVA used to test the mean differences by across levels of food insecurity status. 
 
aCohen’s perceived stress scale, ranges from 0-40. A score of  > 20 indicates high stress (82). 
bCenter for Epidemiologic Studies-Depression Scale, ranges from 0-60. Higher scores indicate 
more depressive symptoms. A score of > 16 indicates individual is at risk for clinical depression 
(81).  
cCalculated using measured weight (kilograms) and height (meters). The CDC recommends the 
following categorizations of weight status: 18.5 < BMI < 25 normal, 25 < BMI < 30 overweight, 
BMI > 30 obese (84). 
dHealthy Eating Index-2010 total score, ranges from 0-100 (66). Using National Health and 
Nutrition Examination Survey, 2011-2012, the average HEI-2010 total score for adults 18-64 
years was 58.3 (141). 










Health correlates Mean SE Mean SE Mean SE p 
Perceived stress symptomsa 12 2.2 18 2.3 23 2.4 <0.0001 
Depressive symptomsb 18 2.0 20 2.1 23 2.2 0.01 
BMIc (kg/m2) 30 2.6 34 2.7 33 2.9 0.3 
Overall dietary qualityd 57 4.1 54 4.3 50 4.6 0.1 










Health correlates Mean SE Mean SE Mean SE p 
Perceived stress symptomsa 14 2.2 21 2.5 22 2.8 <0.0001 
Depressive symptomsb 19 1.9 21 2.2 24 2.5 0.02 
BMIc (kg/m2) 32 2.5 32 2.9 32 3.3 1.0 







Table 5.4. Unadjusted associations of food insecurity status with perceived stress, depressive 








































Data come from one round of prospective study completed with female caregivers living in rural 
and urban areas of North Carolina (n=109). Food insecurity status was a three-level categorical 
variable: food secure, mildly food insecure, and severely food insecure. Two different scales are 
used to assess and categorize food insecurity status: 1) 4D-FIS, and 2) FSSM adult scale. In each 
model, the health correlate is regressed on food insecurity status, and there are separate models 
4D-FIS Mean β SE p 
Perceived stressa     
Food secure 10 - - - 
Mildly food insecure 15 4.7 1.7 0.007 
Severely food insecure 20 9.7 1.8 <0.0001 
Depressive symptomsb     
Food secure 17 - - - 
Mildly food insecure 18 1.1 1.6 0.5 
Severely food insecure 22 4.5 1.7 0.008 
Body mass indexc (kg/m2) 
Food secure 31 - - - 
Mildly food insecure 34 2.9 2.0 0.2 
Severely food insecure 34 2.9 2.1 0.2 
Overall dietary qualityd 
Food secure 52 - - - 
Mildly food insecure 51 -1.1 3.9 0.8 
Severely food insecure 48 -4.2 4.2 0.3 
USDA scale Mean β SE p 
Perceived stressa     
Food secure 12 - - - 
Mildly food insecure 18 6.3 1.8 0.0005 
Severely food insecure 19 7.3 2.1 0.0009 
Depressive symptomsb     
Food secure 18 - - - 
Mildly food insecure 20 2.4 1.6 0.1 
Severely food insecure 22 4.7 1.9 0.02 
Body mass indexc (kg/m2) 
Food secure 33 - - - 
Mildly food insecure 34 1.5 2.0 0.5 
Severely food insecure 33 0.62 2.4 0.8 
Overall dietary qualityd 
Food secure 53 - - - 
Mildly food insecure 49 -4.4 3.8 0.3 







for each of the four health correlates. Associations were modeled with SAS® software using 
proc glm. Beta estimates were calculated using food secure as the referent group. 
 
aCohen’s perceived stress scale, ranges from 0-40. A score of  > 20 indicates high stress (82). 
bCenter for Epidemiologic Studies-Depression Scale, ranges from 0-60. Higher scores indicate 
more depressive symptoms. A score of > 16 indicates individual is at risk for clinical depression 
(81).  
cCalculated using measured weight (kilograms) and height (meters). The CDC recommends the 
following categorizations of weight status: 18.5 < BMI < 25 normal, 25 < BMI < 30 overweight, 
BMI > 30 obese (84). 
dHealthy Eating Index-2010 total score, ranges from 0-100 (66). Using National Health and 
Nutrition Examination Survey, 2011-2012, the average HEI-2010 total score for adults 18-64 



















CHAPTER 6. SYNTHESIS 
Overview of major findings 
This project has major findings related to the systematic literature review and to the new 
scale, the 4D-FIS, for assessing and categorizing food insecurity. First, this study strengthens the 
evidence base relating food insecurity to a full range of dietary outcomes for women living in 
Canada and the US. Across studies, food insecurity was associated with lower frequencies of 
important food groups, including total fruits and vegetables, dairy, total grains, meats and meats 
alternatives, and lower intakes of nutrients, such as protein, total fat, calcium, iron, magnesium, 
vitamin A, vitamin C and folate. Results are new in finding support for the association of food 
insecurity with an additional seven dietary outcomes in women. Second, this study finds 
preliminary evidence for the convergent and discriminant validity of the 4D-FIS for measuring 
food insecurity. Data support the hypothesized four-factor structure for the scale’s four 
dimensions, and affirm that the scale categorized participants more similarly to the 
categorizations made in the qualitative analysis. Results also show that the 4D-FIS better 
reflected the multi-dimensional nature of food insecurity, and range of severity from less severe 
(e.g., reduced dietary quality) to more severe (e.g., reduced food intake). Further, upon 
determining associations of food insecurity with health correlates, using both scales to assess 
food insecurity, food insecurity status is associated with more depressive symptoms, more 
depressive symptoms, higher BMI and lower overall dietary quality. The magnitude and 







associations with BMI. The association of food insecurity with BMI is stronger when food 
insecurity status was determined with the 4D-FIS, which is a different pattern. Generally, the 
magnitudes of associations are larger when determining food insecurity status with the FSSM 
compared to the 4D-FIS. Taken together, findings from this study contribute new insights 
regarding the association between food insecurity with additional dietary outcomes for women, 
and an alternative tool for assessing and categorizing severity of food insecurity among low-
income populations. Results are particularly relevant for continued research exploring how less 
severe experiences of food insecurity relate to obesity and cardiometabolic health.  
Significance and public health impact 
This study’s contributions - a systematic literature review and a new measure of food 
insecurity (the 4D-FIS) – are both practical and innovative. While the nutritional implications of 
food insecurity have been well-documented in qualitative studies, the evidence base relating food 
insecurity to total energy, food group consumption, and macronutrient and micronutrient intakes 
was rather thin. The evidence base is essential for informing federal nutrition and food assistance 
programs, such as SNAP and WIC. Both programs prioritize women with children, and address 
food insecurity and dietary quality. A handful of seminal studies completed in the 1990s and 
2000s have been widely-cited, but no one has completed a rigorous review of the literature to 
identify more of the available evidence for women. We found food insecurity was associated 
with additional seven dietary outcomes in women, which were not previously identified in a 
2014 review (67). Across studies, results were most compelling for micronutrient intakes, such 
as folate and iron. These nutrients are critical for women for pregnancy and breastfeeding. 
Research findings from this study can be used to select nutrition targets in community-based 







Additionally, the development and evaluation of the 4D-FIS breaks new ground in food 
insecurity measurement. Evaluation of the 4D-FIS was favorable and suggested that the scale can 
be applied in other contexts for assessing and categorizing food insecurity status. By design, the 
4D-FIS reflects less and more severe experiences of food insecurity. The 4D-FIS can be used to 
identify underserved populations and for budgeting additional resources to mitigate food 
insecurity. Also, the 4D-FIS can be used to advance our understanding of the causes and 
consequences of food insecurity. Emerging research has found that food insecurity was a 
stronger indicator of lower subjective well-being and poor physical health, compared to other 
explanatory variables, in a large global sample (2014 Gallup World Poll) (40). Research also 
suggests that less severe food insecurity may be especially relevant for obesity (24, 42). Food 
insecurity has been associated with metabolic syndrome in adults, and others have suggested 
mechanisms based on food insecurity severity. For example, at lower severity, the association 
between food insecurity and metabolic syndrome might be related to the lower cost of calorically 
dense foods of low nutritional value; at higher severity, the association between food insecurity 
and metabolic syndrome might be related to pronounced irregularities (e.g., eating more when 
food is available and eating less when food is scarce). Applying the 4D-FIS to identify and 
categorize food insecurity might hold implications for understanding obesity among women, 
given that there has been more consistent evidence for the association between food insecurity 
and obesity for women, but not for men (43). Lastly, and most importantly, having a tool that 
captures less severe experience is important because access to enough food is important for 
everyone. The 4D-FIS can help identifying opportunities for local program and intervention 








Strengths and limitations 
 Strengths of this project were related to the methodology employed in the systematic 
literature review and in the development and evaluation of the 4D-FIS. The systematic literature 
review applied recommended guidance for identifying eligible studies, completed a rigorous 
search of the gray literature, and performed a risk of bias assessment at the study and outcome 
level. The 4D-FIS was also developed based on recommended procedures, and based on the 
literature and existing food insecurity measures. Furthermore, the scale was evaluated using data 
from a diverse sample of women that well-represented the target population of women at risk for 
food insecurity. However, there were limitations as well. The screening and eligibility 
determination was done by only one reviewer and would have benefited from a second reviewer.  
Only English-language studies completed in the US and Canada were included in the review. 
There may be other countries that are similar to the US and Canada, but were not included in the 
review. In addition, the scale development and evaluation was also limited in having a pre-
determined sample size of no more than 115 women. The diversity of the sample meant that 
there were very small numbers across strata (e.g., by geography (rural/urban), race/ethnicity, 
food program participation, food insecurity status, etc.). Some analyses could not be performed 
because of the sample size. Moreover, scale development recommendations typically include a 
validation study as part of the scale development and evaluation. Because this project was built 
into an existing project, a validation study was not possible, and the scale was only evaluated in 
the initial sample of women. However, results from the confirmatory factor analysis were For 










Results from the systematic literature review underscored the need for high-quality 
prospective studies on food insecurity and dietary outcomes. Even after a rigorous search of the 
literature, and asking corresponding authors and experts to identify additional studies, there were 
only one or two studies of relatively high quality. Future studies would benefit from carefully 
timed food insecurity and dietary assessment, use of minimally biased measures, and controlling 
confounding in analyses. Given that all analyses were of cross-sectional data, it would be 
valuable for future research to analyze data from prospective studies, and attend to the 
aforementioned methodological issues. 
Regarding food insecurity measurement, findings from this project can motivate future 
studies to apply and evaluate the 4D-FIS in other settings and populations. This study’s sample 
was comprised mostly (67%) of women rural areas of central North Carolina. In the US, about 
80% of the US population resides in urban areas, and there are important differences between 
rural and urban areas (133). Future research will need to be completed with samples in urban 
areas, among samples with men, and samples representing other racial/ethnic groups. Another 
future direction will be to analyze the in-depth interviews to understand how food insecurity 
related to the health correlates examined with the quantitative data. The in-depth interviews 
might offer additional insights regarding the relationships between food insecurity, nutrition, and 













APPENDIX 2.1: THEORETICAL MODEL FOR THE DEVELOPMENT OF THE NEW 
FOOD INSECURITY SCALE 
 
This theoretical model provides the basis for what to measure in the new food insecurity scale. 
The measurement items reflect the four dimensions of food insecurity: quantitative, qualitative, 
psychological and social. This conceptual framework is not original, but based on previous food 
insecurity research completed in Canada and the US, including essential research done by the 
Radimer/Cornell team. Using Hamelin and colleague’s operationalization, the four dimensions 
represent shortage of food, unsuitability of food and diet, preoccupation with having access to 
enough food, and alienation (25, 26). Antecedents and consequences of food insecurity, and 











APPENDIX 3.1: COMPLETED PRISMA CHECKLIST 
 








APPENDIX 3.1: SOURCES OF GRAY LITERATURE 
Type Source 
General 1) The NY Academy of Medicine Gray 
Literature Report 
2) Open Grey (formerly known as SIGLE, 
System for Information on Grey Literature in 
Europe) 
3) Google Scholar 
Governmental reports 1) Published by USDA (Amber Waves, 
Nutrition Insights, Family Economics and 
Nutrition Review) 
2) Published by National Academies Press  
Non-governmental reports 1) Feeding America 
2) Food Research and Action Center 
3) Policy Link 
Doctoral dissertations ProQuest Dissertations and Theses Global  
Books and book chapters Triangle Research Libraries Network’s catalog 
(Duke University, North Carolina Central 
University, North Carolina State University, 
and University of North Carolina-Chapel Hill) 
Conference proceedings 
(peer-reviewed abstracts) 
1) American Public Health Association 
(beginning 2000) 
2) American Society of Nutrition (2006) 
3) International Society of Behavioral Nutrition 
and Physical Activity (2000) 
4) Society for Nutrition Education and 
Behavior (1995) 
Journal archives 1) Journal of Hunger and Environmental 
Nutrition (beginning 2006) 
2) Journal of the Academy of Nutrition and 
Dietetics (1995 
3) Canadian Journal or Dietetic Research and 
Practice (2002) and  
4) Canadian Journal of Public Health (1997) 
Publications by subject 
matter experts 
PubMed/MEDLINE using the author’s name: 
Chilton M, Frongillo EA, Kaiser L, Laraia BA, 
McIntyre L, Nord M, Olson C, Radimer K, and 
Sharkey JR, Tarasuk V  
All sources were searched online. When there was a search option, keywords were used to 
identify potentially relevant references. When there was no search option, we hand searched 




APPENDIX 3.2: LIST OF REFERENCES CONSIDERED FOR INCLUSION IN FULL-
TEXT REVIEW (N=90)  























No details  Dietary recall No – 
confirmed 























MM, Reinert S 
and Schiff AR) 





































































































































No details  Dietary recall No- 
confirmed 
















A, Ickovics JR, 








& McIntyre L) 
 

















































































Rosas L, Ma J, 
& Stafford RS) 































































Jacoby J, Tayie 
FA) 



























Krall JS et al.) 
insecurity & 
diet 





(Glanville NT  
& McIntyre L) 















Catalano PJ et 
al.) 












16 Dietary intake 











Moody A, & 
Bowen S) 

























K, Alia KA, et 
al.) 
 










































Raine KD, et 
al.) 






































& Obesity in 
the Homeless 
Population? 


















































22 Feeding a 






 Bruening M, 
MacLehose R, 

























































S, Villamor E 
et al.) 
24 Food Bank 









































Easton P,  
Wiedman D, & 
Widmark EG) 


























M, Ball GDC 
et al.) 

























type 2 diabetes 
(Chhabra J, 
Vega-Lopez S, 






















TJ, Ng V, 
Irwin JD, Stitt 
LW, He M) 























L, Cao ZR, 
Sheikh N, & 
Weiler H) 







































































(Lyles C, Wolf 
M, Dahlke A, 
et al.) 
FSSM BRFSS FFQ 
(total number 
of servings 










































































































& Tarasuk V) 
























































Olive Oil Diet 
(Flynn MM 
and Schiff A) 
























































































FSSM Dietary recall Yes Yes 
(stratified 














































































































































(Basiotis P, & 
Lino M)  
































(Martin K, Wu 
R, Wolff M, 
Colantonio 
AG, & Grady 
J) 


















46 Food security 
and dietary 
intake of food 
pantry 
FSSM Dietary recall 
and BRFSS 
FFQ for FV 
(6-item) 











































Oddo VM, & 
Jones-Smith 
JC) 


































Holcomb JP Jr, 























































50 Food security 
status, BMI, 








Allender JC, & 
Keim KS)  
































L, Holben DH, 
Zurmehly A, 
Holcomb JP) 
























52 Food security, 
nutrition and 
health of food 
pantry 
participants 


















































54 Food security, 
produce 
intake/behavior
s, and cervical 








































































in the rural 
South in the 
time of welfare 






























SA, Gao X, 
Tucker KL) 


































O'Rourke C, et 
al.) 

























59 Got Milk? 
Food 






















60 Higher n3-fatty 
acid status is 
associated with 






















































S, & Peng Y-
K)  















































































































C, Davey C, 
Friebur R, 
Nanne MS) 





let them eat 
what they like 
(McIntyre L, 
Tarasuk V, 
Jinguang Li T) 
R/C and 
FSSM 













(Richards R, & 
Smith C) 




















































McIntyre L, & 
Li J) 
diet  
71 Nutrient intake 
of food bank 
users is related 
to frequency of 






























States (Rose D, 























































clients: A pilot 
study (Dave J, 
Chen T-A, & 





























SI, Tarasuk V, 


















SI, Dodd KW, 
Parsons R, et 
al.) 










76 Poverty and 
food intake in 
rural America: 
Diet quality is 








CL et al.) 








































78 Produce Intake 













CH, & Smith 
E) 






























BS, Olson CM, 










of fruits and 
vegetable 
consumption 













































































Olson CM, & 
Frongillo EA) 
R/C Dietary recall 
and BRFSS 








83 Role of a Food 
Box Program 






Holben D, & 
Hall P) 
FSSM  BRFSS FFQ 







































& Cullen KW) 














(WIC) to food 
security 
(Herman DR) 




86 The Prevalence 
of Food 
Insecurity Is 
High and the 
Diet Quality 
Poor in Inuit 
Communities 
(Huet C, Rosol 
R, Egeland 
GM) 























for fruit and 
vegetables 
(6-item) 


















(Di Noia J, 
Monica D, 
















Njike VY, & 
Katz DL) 










89 Validation of 
the 
Radimer/Corne




Olson CM, & 
Frongillo Jr. 
EA) 
R/C BRFSS FFQ 












& Beaton GH) 







 APPENDIX 3.3: OPERATIONALIZATION OF FOOD INSECURITY SEVERITY 
CATEGORIES FOR REVIEW 






Kendall et al. (1996) R/C Food secure Food insecure 
McIntyre et al. (2007) 
 
A common scale 
developed for this 
study (original two 
studies used the 
R/C and FSSM) 
No hunger Hunger 
Tarasuk & Beaton 
(1999) 




Tarasuk (2001)a FSSM (18-item) No hunger Severe hunger 
Basiotis & Lino 
(2002) 













Berkowitz et al. 
(2014) 








Di Noia et al. (2016) 2-item screener 
(Hager et al.) 
Food secure Food 
insecure/ Per 
Hager et al., a 
response of 
“sometimes 
true” or “often 
true” on either 
item “food 
insecure” 

















































Glanville & McIntyre 
(2006) 
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items) 
















item “In the 
past 30 days, 










item “In the 
past 30 days, 




for you or 
your family?” 












response to >2 
items) 




aStudy reported more than two food insecurity categories and comparison was between the most 


























or very low 
food security 
Rush et al. (2007)a R/C Household 
food insecure 
Child hungry 
























Swindle et al. (2016) 2-item screener 
(Hager et al.) 




true” or “often 
true” on either 
item “food 
insecure”  








APPENDIX 3.4: GRADE EVIDENCE PROFILES: FOOD INSECURITY AND DIETARY 
OUTCOMES AMONG WOMEN 18-60 YEARS 
The quality of evidence for each dietary outcome is considered low. 
 
aStudies included used the Healthy Eating Index (HEI) to evaluate overall dietary quality. 
Dietary 
outcome  
Limitations Inconsistency Indirectness Imprecision Publication 
bias 
Total energy       
11 studies Serious  Some  Not serious Serious  Undetected 
Total fruits & 
vegetables 
     
11 studies Serious  Some  Not serious  Some  Undetected 
Dairy      
7 studies Serious  Some  Not serious Some  Undetected 
Grains      
7 studies Serious  Some  Not serious  Some Undetected 
Meats/ meat 
alternatives 
     
7 studies Serious  Some  Not serious  Some  Undetected 
Carbohydrates      
6 studies Serious  Some  Not serious Some  Undetected 
Protein      
7 studies   Serious  Some  Not serious Some  Undetected 
Total fat      
8 studies   Serious  Some  Not serious Some  Undetected 
Fiber      
4 studies Serious  Some  Not serious Some  Undetected 
Calcium      
5 studies   Serious  None Not serious Some Undetected 
Iron      
6 studies   Serious  None Not serious Serious  Undetected 
Sodium      
3 studies   Serious  Some  Not serious Serious Undetected 
Vitamin A      
5 studies   Serious  Some  Not serious Serious  Undetected 
Vitamin C      
5 studies   Serious  None Not serious Serious  Undetected 
Folate      
3 studies Serious  None Not serious  Serious  Undetected 
Overall dietary 
quality 
     




APPENDIX 3.5: PERCENT DIFFERENCES IN HEI COMPONENTS BETWEEN FOOD 
































Data are unadjusted means.  
 
aStudy reported only for statistically significant findings, and did not report exact p-values. 
bStudy indicated statistical significance p < 0.05, and did not report exact p-values.  
cData from unpublished subgroup analysis provided by corresponding author.  
dStudy did not report magnitude of HEI component scores, only direction with respect to referent 












 Mean Mean (%) (p) 




Fruits 3.4 2.2 -35% NRb 
Vegetables 5.8 5.1 -12% NRb 
Milk 6.1 5.2 -15% NRb 
Berkowitz et al. 
(2014)c 
    
Total fruits 3.4 3.1 -9% 0.06 
Whole fruits 3.2 3.0 -6% 0.32 
Total vegetables 3.9 3.7 -5% 0.04 
Dark green, orange 
vegetables, and 
legumes 2.6 2.3 -12% 
0.005 
Total grains 4.4 4.5 2% 0.20 
Whole grains 1.5 1.2 -20% 0.03 
Milk 5.8 5.7 -2% 0.76 
Meat and beans 9.7 9.7 0% 0.57 
Oils 9.1 9.0 -1% 0.69 
Saturated fat 7.4 7.3 -1% 0.61 
Sodium 4.3 3.9 -9% 0.04 
SoFAAS 16.3 16.1 -1% 0.57 
Herman (2002)d     
Dairy - lower - NRb 
Grains - lower - NRb 
Total fat - higher - NRb 






































According to scale development recommendations, it is desirable for the item mean to be near 
the midpoint, compared to having a mean near the lower or upper bound (72). When the mean is 
near the lower or upper bound, the item may have “low variance, ” and low variance has 
implications for correlations with other items (72). 
 
aTwo iems (HEALTHY and VARIETY) were removed from the final version of the 4D-FIS. 
4D-FIS Indicator Mean SD Minimum Maximum 
FSP3_SMALL 3.1 0.9 1 4 
FSP4_ACHE 3.6 0.7 1 4 
FSP5_HUNGRY 3.7 0.7 1 4 
FSP6_IMPORTANT 3.2 0.9 1 4 
FSP7_HEALTHY 1.7 0.8 1 4 
FSP8_PREFER 2.9 0.9 1 4 
FSP9_VARIETY 2.0 0.9 1 4 
FSP10_CANNED 3.3 0.9 1 4 
FSP11_SAME 3.2 0.9 1 4 
FSP12_NOMEAT 3.2 0.9 1 4 
FSP13_UNSAFE 3.9 0.5 1 4 
FSP14_CURRENT 3.2 1.0 1 4 
FSP15_FUTURE 3.1 1.0 1 4 
FSP16_ANXIOUS 3.1 1.0 1 4 
FSP17_CONTROL 3.0 1.1 1 4 
FSP18_FAIR 3.0 1.2 1 5 
FSP19_SHAME 3.2 1.2 1 5 




APPENDIX 4.2: INTERNAL CONSISTENCY RELIABILITY FOR 4D-FIS  
4D-FIS component Cronbach’s coefficient α 
Quantitative (3 items) 0.69 
Qualitative (6 items) 0.79 
Psychological (3 items) 0.91 
Social (4 items) 0.76 
Overall scale (all 16 items) 0.90 
 
We calculate Cronbach’s α using SAS® software proc corr. Larger values, closer to one, mean 
that the indicators within each subscale are more closely related. Others recommend α > 0.70 for 






APPENDIX 4.3: AGREEMENT IN FOOD INSECURITY STATUS BETWEEN EACH 




Food insecurity status is categorized into three severity categories: food secure, mildly food 
insecure, and severely food insecure. The 4D-FIS and FSSM are both scales (quantitative data), 
and the qualitative categorizations are made using in-depth interview summaries (qualitative 
data). A shows agreement in categorization between the 4D-FIS, and the qualitative 
categorization. The weighted κ and ASE were: 0.54 (0.06). The weighted κ is an appropriate 
measure of agreement for more than two response categories. The 95% CI for the weighted κ: 
0.42, 0.66. B shows agreement in categorization between the FSSM adult scale and the 
qualitative categorization. The weighted κ and ASE were: 0.29 (0.05). The 95% CI for the 
weighted κ: 0.19, 0.39. Suggested benchmarks for interpreting κ coefficients are: κ<0 poor, 0-0.2 





APPENDIX 4.4: 4D-FIS SUBSCALE AND SCALE SCORES BY QUALITATIVE 
CATEGORIZATION 
 
Food insecurity status is determined with qualitative data (from the nutrition interview 
summaries). The 4D-FIS assesses four dimensions of food insecurity: quantitative, qualitative, 
psychological and social. Subscale scores (for each dimension) are the sum of the number of 
affirmative responses. The raw scale total is the sum of affirmative items across the subscales. 
For each subscale, the minimum score is 0. The maximum score varies for each subscale: 
quantitative (maximum score = 3), qualitative (maximum score = 6), psychological (maximum 
score =3), and social (maximum score = 4). 




(n = 20) 
Severely food 
insecure  
(n = 43) 
Severely food 
insecure  
(n = 43) 
4D-FIS component Mean SD Mean SD Mean SD Mean SD 
Quantitative subscale 0.43 0.81 0.05 0.22 0.15 0.36 0.91 1.1 
Qualitative subscale 1.3 1.7 0.05 0.22 0.72 0.96 2.5 1.9 
Psychological subscale 0.86 1.3 0.00 0.00 0.37 0.88 1.8 1.3 
Social subscale 1.2 1.4 0.15 0.67 0.74 1.1 2.1 1.4 




APPENDIX 4.5: DESCRIPTIVE STATISTICS FOR 4D-FIS SUBSCALES AT LOWER 








Food insecurity status is assessed with two different scales – the 4D-FIS and the FSSM adult 
scale. This table shows 4D-FIS subscale scores at the lower food insecurity severity determined 
by the FSSM adult scale. Using the USDA’s protocol for categorization, participants with >3 
affirmative responses are categorized as food insecure. Data show that participants experiencing 
less severe food insecurity, determined by the FSSM scale (<3 affirmative responses), reported 
affirmative responses to the qualitative and social subscales of the new scale, and reported no 
affirmative responses to the quantitative subscale. Affirmative responses to the psychological 
and quantitative subscales occurred when food insecurity was more severe (>3 affirmative 














4D-FIS component Mean SD Mean SD Mean SD Mean SD 
Quantitative subscale 0.08 0.27 0.24 0.44 0.09 0.30 0.77 1.1 
Qualitative subscale 0.18 0.39 0.94 1.3 0.73 0.90 2.2 2.0 
Psychological subscale 0.05 0.32 0.41 1.0 0.55 1.2 1.3 1.4 
Social subscale 0.42 1.0 0.65 1.1 1.1 0.94 1.7 1.4 




APPENDIX 5.1: BINARY CATEGORIZATION OF FOOD INSECURITY STATUS 
 FSSM adult scale  
4D-FIS Food secure Food insecure Total 
Food secure 33 2 35 
Food insecure 33 41 74 
Total 66 43 109 
 
Food insecurity assessed with two different scales: 1) the 4D-FIS, and 2) the FSSM adult scale. 
For each scale, food insecurity status is determined using a protocol for categorizing the number 
of affirmative responses. The food insecure categories (mildly and severely food insecure) are 




APPENDIX 5.2: SOCIODEMOGRAPHIC CHARACTERISTICS BY AGREEMENT 
FOR BINARY CATEGORIZATION 
 
Agree Disagree 
Sociodemographic characteristics Mean SD Mean SD F value p 
Household income from wages ($/month) 1419 1367 1583 1347 0.20 0.7 
Household hours worked (hours/month) 116 89 162 136 2.27 0.1 
Household SNAP amount ($/month) 321 268 265 256 1.08 0.3 
Adults in household (n) 2.16 0.92 2.15 1.03 0.90 0.3 
Children < 18 years in household (n) 2.26 1.06 2.38 1.00 0.65 0.4 
Age (years) 37 10 35 9 1.39 0.2 
Individual income from wages ($/month) 980 907 1085 1012 0.29 0.6 
Individual hours worked (hours/month) 91 70 111 81 1.68 0.2 
Individual SNAP amount ($/month) 305 254 242 246 1.49 0.2 
 
Data come from one round of prospective study completed with female caregivers living in rural 
and urban areas of North Carolina (n=109). The agreement variable is binary and coded as 0 
when the two scales agreed in categorization, and 1 when the two scales disagreed. We use one-
way ANOVA to test differences in means. There are some missing data for individual and 
household characteristics: individual income (missing n=3), individual hours worked (n=3), 






APPENDIX 5.3: UNADJUSTED ASSOCIATIONS OF FOOD INSECURITY STATUS 































Data come from one round of prospective study completed with female caregivers living in rural 
and urban areas of North Carolina (n=109). Food insecurity status was a three-level categorical 
variable: food secure, mildly food insecure, and severely food insecure. Two different scales are 
used to assess and categorize food insecurity status: 1) 4D-FIS, and 2) FSSM adult scale. In each 
model, the health correlate is regressed on food insecurity status, and there are separate models 
for each of the four health correlates. Associations were modeled with SAS® software using 
proc glm. Beta estimates were calculated using food secure as the referent group. 
 
aCohen’s perceived stress scale, ranges from 0-40. A score of  > 20 indicates high stress (82). 
bCenter for Epidemiologic Studies-Depression Scale, ranges from 0-60. Higher scores indicate 
more depressive symptoms. A score of > 16 indicates individual is at risk for clinical depression 
(81).  
4D-FIS Mean β SE p 
Perceived stressa     
Food secure 10 - - - 
Food insecure 17 6.9 1.6 <0.0001 
Depressive symptomsb     
Food secure 17 - - - 
Food insecure 20 2.6 1.4 0.07 
BMIc (kg/m2) 
Food secure 31 - - - 
Food insecure 34 2.9 1.8 0.1 
Overall dietary qualityd 
Food secure 52 - - - 
Food insecure 50 -2.4 3.5 0.5 
FSSM adult scale Mean β SE p 
Perceived stressa     
Food secure 12 - - - 
Food insecure 19 6.6 1.5 <0.0001 
Depressive symptomsb     
Food secure 18 - - - 
Food insecure 21 3.3 1.3 0.02 
BMIc (kg/m2) 
Food secure 33 - - - 
Food insecure 34 1.1 1.7 0.5 
Overall dietary qualityd 
Food secure 53 - - - 




cCalculated using measured weight (kilograms) and height (meters). The CDC recommends the 
following categorizations of weight status: 18.5 < BMI < 25 normal, 25 < BMI < 30 overweight, 
BMI > 30 obese (84). 
dHealthy Eating Index-2010 total score, ranges from 0-100 (66). Using National Health and 
Nutrition Examination Survey, 2011-2012, the average HEI-2010 total score for adults 18-64 
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